
This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 
to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 
to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 
are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other marginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 
publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we have taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 

We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain from automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attribution The Google "watermark" you see on each file is essential for informing people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liability can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at http : //books . google . com/| 



Digitized by 



Google 




Digitized by 




t.-..: . , .A C rl 



Digitized by 



Google 



Digitized by 



Google 



SOME OPINIONS OF THE PRESS. 



**The best idea which can be given of the scope and value of this 
work is obtained when we compare it with Frank Balfour's treatise on 
Comparative Embryology. It is not too much to say that it is the most 
valuable text-book for the zoological student which has appeared since 
Balfour's book, and is a worthy successor to it. The mass of literature, 
vast as it was ten years ago, has increased enormously in the interval. 
Drs. Korschelt and Heider have carefully gone over it all ; and not 
only that, but they accurately and clearly givd each author's contribution 
to the subject in hand, citing authority for every statement made, so 
that the student can go to original treatises for fuller detail. I do not 
know of any scientific treatise which shows so clearly the author's desire 
to do justice to every fellow -worker, of whatever nationality, and to 
produce a work which shall be a complete and trustworthy guide to 
the recent literature of a prodigiously prolific subject. There can be 
no doubt that we have in this new treatise on Comparative Embryology 
one of those invaluable, indispensable works for the production of which 
authors receive the gratitude and esteem of their fellow-workers in all 
land.s. It is a truly first-rate book." 

Professor E. Ray Lankestbr in Nature. 



" Tlie translators have performed their task with skill. The German 
idiom is quite got rid of, and the book in its English form is eminently 
lucid and readable. The translatore are to be congratulated on their 
work, and have earned the gratitude of all English zoologists. It only 
remains to say that the lx)ok is well got up; the printing is good, the 
illustrations are excellent, and the size is convenient." — Nature. 



'* The translation of this important work into English will be welcomed 
by all students of animal morphology, for since the appearance of 
Balfour's classical treatise on this subject, there has been no one work 
of importance comprehensively dealing with a vast array of facts, many 
of which, unfortunately, are still isolated and unconnected. We con- 
gratulate the authors on the successful accomplishment of their task 
and on their successful translation of many phrases of great idiomatic 
difficulty." — British Medical Journal. 
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"The science of animal embryology advances so rapidly that English 
students have anxiously waited this long -promised translation of the 
leading German manual. Delay has not, however, had the result of 
rendering the book out of date. On the contrary, it is a considerable 
improvement on the German edition, owing to the insertion of numerous 
notes by the original authoi-s as well as by the two competent translatoi-s." 

Natural Scienct. 

" Drs. Korschelt and Heider are both well-known authorities, and their 
volume shows a wide knowledge and considerable care in the selection 
and criticism of a wide literature. Since Balfour wrote his classical 
treatise an enormous quantity of additional information has been gained, 
and the best of this is incorporated in the present volume." 

The Hospital. 

"This admirable translation into English of Drs. Korschelt and 
Heider's text-book supplies what in England has been a long-felt want. 
The translator, moreover, have had the valuable assistance of the authors 
in supplying numerous additions to the original text, in the form of 
brief notices of results that have been published since the original first 
appeared, and the work will be received w^ith gratitude by all zoologists, 
whether lecturers or students." — Guardian. 



"The publication of this work by the Professors of Zoology in the 
Universities of Marburg and Berlin will be hailed with satisfaction in 
the English-speaking scientific world, who have not sufficient facility in 
tlie German tongue to refer to the original, and by those whose time is 
too limited to enable them to keep before them the rapidly accumulating 
papers and monographs upon embryological subjects." 

Edxicatiorud Review. 

"This admirable zoological text-book. The book is a standard German 
text-book of its subject, not only thomuglily equipped within its own 
compass, but also provided with a comprehensive bibliography of the 
further literature of the subject. No pains have been spared over the 
English rendering. It deserves a hearty welcome from English student** 
of zoology." — ScoLwum. 

"It is a prominent feature of the work before us that its teachings 
tend pix)foundly to show how deep is the hold which evolution, as an 
explanation of the problems of development, has attained on the minds 
of biologists. It has proved itself to be a veritable beacon-light, guiding 
to a knowledge of hitherto dark places in the domain of life." 

Glasgow Uerald. 
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PREFACE. 



^ The present and third instalment of the translation of the 

"^"^ Lehrbuch der vergleichenden Entioicklicngsgeschichte der tvirhel- 

H, losen Thiet'e contains the Arachnida and appended groups, the 

^ Onyehopliora, the Myriopoda, and the Insecta, thus completing 

-1 the Arthropodan portion of this work. The remaining volume, 

^ which contains the MoUusca, Ascidia, and Cephalochorda, will, 

^ I hope, be published at the end of the year. 

In connection with the present volume, I have to thank 
Mr. R. I. Pocock for his valuable assistance in the Arachnidan 
part, and also I have to thank Mr. A. D. Michael, who kindly 
read through the chapter on the Acarini and corrected many 
errors in the same. Most of the suggestions made by these 
gentlemen have been added as editorial footnotes, but some 
matter, when the original was obviously at fault, has l^een 
placed in the text. 

The very important work by Brauer on the Ontogeny of 
the Scorpion renders some of the text relating to this genus 
out of date, and tliis work should certainly be consulted by 
those studying the Arachnida. His discovery of an additional 
segment between the thorax and abdomen is of especial 
importance in the interpretation of the Arachnidan body. 
In this connection it is interesting to note that this segment 
was correctly figured, though misinterpreted, by Metschnikoff 
in 1871, as a careful comparison of the figures of these two 
authors will show. 
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Vlll PREFACE. 

In the Onychophora, Willey's paper on Peripaiits novae- 
hritanniae is of great importance, especially in connection 
with the invagination germ -band in the Insecta and the 
interpretation of the embryonic membranes. 

Among the numerous additions to the literature on tlie In- 
secta, Heymon's works, especially that on Lepisnm, are worthy 
of careful study. Unfortunately, tlie interpretation of the 
ontogenetic processes in the Insecta is very difficult, and 
in consequence we still find a terrible confusion enshrouding 
the origin of some organs, especially that of the alimentary 
canal, which a number of recent authors maintain to l>e 
entirely ectodermal, a condition which, judging from what 
occurs in other Arthropods, seems extremely improbable. 

The germ-cells, as in the two previous volumes, are still 
treated of as mesodermal, whereas, as has been pointed out 
in the editorial notes to Vols. L and ii., these cells are probably 
handed down from parent to offspring as distinct and con- 
tinuous structures, their identity being temporarily merged 
in the egg. 

In the present volume I have added more notes and 

literature and made more alterations in the text than in 

Vol. ii., and I hope that such alterations will tend to bring 

this volume more up to date. 

MARTIN F. WOODWARD. 

KoYAL College of Scibnce, London. 
July, 1S99. 
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CHAPTER XXT. 

ARACHNIDA. 

Systematic: — I. Scorpiones. 

11. Pkdipalpi. 

III. Palpigradi (Koenenia). 

IV. PSEUDOSCORPIONES. 

V. Opilionks. 

VI. SOLIFUGAB. 

VII. Aranbak. 

VIIL ACARINA. 

I. Scorpiones. 

Thb Scorpiones are viviparous. The oval or spherical eggs, which 
are rich in yolk and are each surrounded by a thin membrane, lie in 
follicles that arise as outgrowths of the walls of the ovarian tubes. 
Fertilisation takes place either in the ovarian follicles {Ev^corpius and 
Scorpio, Metschnikofp, Laurib), or when the egg has left the follicle 
and passed into the ovarian tube {Androctonus, Kowalevsky and 
Schulgin). In the former case the embryo remains in the follicle 
during the greater part of its development {Scorpio, Joh. MCllbr), 
or leaves it when the formation of the germ-band commences 
{EvscorpitLs italicus). Further development then takes place in the 
ovarian tubes or oviducts, which thus function as uteri. At birth 
the young resemble the adult in their general organisation. 

1. Cleavage and Formation of the Germ-layer. 

The cleavage of the Qgg in Scorpions is discoidal. At the pole of 
the egg, which is directed from the follicle towards the ovarian tube, 
in the youngest stage as yet observed, there were found a number of 
cells which formed a small unilaminar cap on the yolk ; this is the 
germ-disc (Fig. 1). The blastoderm spreads gradually from this 
point, advancing very slowly over the yolk (Fig. 2 A and B), Long 
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2 ARACHNIDA. 

before it has grown round the latter, however, the rudiment of the 
germ-band has appeared, and the first differentiation of the latter 
takes place at the point where the blastoderm first began to form. 
A cleavage of the yolk, such as is met with in the eggs of the 
Araneae, does not occur in the Scorpiones. 

The discoidal cleavage of the Scorpiones might be compared with the Crusta- 
cean method of cleavage distinguished as Type IV., and might, like the latter, 
be traced back to superficial cleavage (Vol ii., pp. 117 and 118). This would 
be the more permissible as superficial cleavage is, as a nile, widespread among 
the Arachnida also. In this respect the Scorpiones, as compared with the 
Araneae, must be considered as showing a modified condition, although they 
are in other respects more primitive. The development of the embryo within 
the body of the mother is a sufficient proof that modification in the primitive 
method of development has taken place. 

The Formation of the Qerm-layers. The germ-disc does not long 
retain the character of a single layer of cells. A thickening appears 

at its centre, which, on the sur- 
face turned towards the yolk, 
appears as a swelling. This, 
according to Kowalevsky and 
ScHULGiN, has arisen by a down- 
sinking of the cells. If we bear 
in mind, in addition to this, the 
longitudinal furrow described by 
Metschnikofp on the surface of 
the now oval germ-disc (Fig. 4 A^ 
p. 6), we are reminded of the 
long slit -like blastopore that 
occurs in Peripatus and in the 
Insecta, and which constitutes 
the longitudinal germinal groove. 
Fio. 1.— Egg of ExiKOTfAw itaXicuM showing In any case, the differentiation of 

ti»e genn.dl8C (afUr MntiCHKiEorr. flrom ^^^ -^^^^^ ^^^ ^^^^^ germ-layers 
Balfour's Text-hook), © •^ 

starts from this point. 

Laurie (No. 23), in his recent work, does not actually deny the "down- 
sinking •' of the cells and the presence of the longitudinal furrow, but being 
unable to convince himself, seems inclined to doubt their existence. This, indeed, 
cannot be considered as established, especially as the descriptions given of these 
processes are not very exact. Laurie derives the euto-mesoderm by delamination 
from the cell-mass of the germ-disc, in which no special regularity of structure 
is apparent. But he also finds a thickened point at the posterior end of the 
germ-disc, in which rapid increase of cells takes place (formation of the ento- 
mesoderm), and which could therefore be compared with an invagination (Fig. 8, 
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CLEAVAGE AND FORMATION OF THE GERM-LAYER. 



3 




«J3. 



A^ t). The caudal prominence described by Metschnikoff (No. 24) is 
probably to be identified with this growing point ; the former projects into the 
jolk, and at a later period shifts into the caudal region of the embryo. Laurie 
•compares the thickened part with the primitive streak in vertebrates, and we are 
again involuntarily reminded of the conditions found in PeripcUus. In the latter 
the ''point of ingrowth" lies at the posterior end of the long blastopore.* 

When the germ-disc, by the active increase of its elements, has 
attained a thickness of several cells, these still appear but slightly 
differentiated into 
layers. The inner 
surface of the germ- 
disc is now quite 
irregular, for single 
cells become de- 
tached from it, and 
«hift into the yolk 
(Fig. 2, B). These 
cells give rise to 
the amoeboid yolk- 
cells, which are dis- 
tributed throughout 
the yolk, and bring 
nbout its disinteg- 
ration, mthout, hoto- 
-ever, taking part in 
the formation of Hie 

^nbryo (Kowalbvsky and Sohulgin, Laurie, [Brauer]). They thus 
differ from the corresponding cells in the Araneae, which particii)ate 
in the formation of the enteron. The entoderm of the Scorpiones 
arises by the differentiation of the cells of the germ-disc lying next 
to the yolk to form a regular epithelium (Fig. 3, A and By ent.). 
The cells of this layer differ further from the adjacent cells by their 
highly-refractive appearance, due to the fluid yolk which they have 
absorbed. . 

The mass of cells which, after the differentiation of the entoderm, 
remains between it and the ectoderm, corresponds to the mesoderm 

• [Brauer (App. to Lit. on Scorpiones, No. II.), in his interpretation of this 

Jiosterior thickening of the .blastoderm, disagrees with all former investigators ; 
le sees in this thickening the genital rudiment. The mesoderm-cells arise in 
front and at the sides of this thickened area as proliferations from the ectoderm. 
The entoderm arises by delamiuation from the primary blastoderm, and is fii-st 
observed between the yolk-cells on the one hand, and the ectoderm or the genital 
rudiment on the other. — Ed.] 



d. d. 

Fig. i.—A and B. Sections through the germ-disc and jiart ot 
the yolk of Euscorpius italicus (after Laurie), d, yo4k ; ks, 
germ-disc. 
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4 ARACHNIDA. 

(Fig. 3, A and B). At first this is an irregular mass, extending over 
the whole region of the germ-disc, but at a later stage it takes the 
form of two symmetrically arranged bands situated near the middle 
line. These two bands, which fuse with one another posteriorly^ 
become divided up later into the primitive mesodermal segments^ 
each of which contains a cavity (Fig. 3, J?, ines). 

The increase in amount of the mesoderm is due to a multiplication 
of the cells of the primitive entoderm from which, in places, it is not 
yet differentiated (Laurie). If it were the case that the principal 
increase of the cells proceeded from a point at the posterior end of 
the germ-disc, a growth of the mesoderm-bands from behind forward 
would result, such as is found in many other segmented animals. 
The differentiation of the mesoderm-bands would then proceed here, 
as in those forms, from before backward. 

2. The Origin of the Embryonic Membranes and the Development 
of the External Form of the Body. 

During the processes just described, the germ-disc has extended 
but little over the yolk, and still appears as a rounded, or somewhat 
oval, disc. Even at this early stage the formation of embryonic 
membranes begins. A groove appears near the periphery of the 
germ-disc, running right round it and marking off the central 
portion of the disc in the form of a slight prominence rising from 
the narrow peripheral area. At the edge of the groove a fold of the 
ectoderm rises, and this now grows from the periphery over the germ- 
disc, finally fusing at its centre. The two lamellae of the embryonic 
envelope are thus formed. The outer membrane, which lies imme- 
diately below the egg-integument, is the serosa^ and the inner, the 
amnion. During the formation of this ectodermal fold a few meso- 
derm cells are said to pass in between its two lamellae (Kowalevskt 
and Schulgin). 

According to Kowalevsky and Schulgin, the formation of the embryonic 
envelopes in the Scorpiones (at least in Androctonua) takes place in the same way 
as in the Insecta and Yertebrata. Laurie, wlio investigated Euscorpius italicuSf 
came to a different conclusion regarding the origin of these membranes, he thought 
that the two cell-layers which form the serosa and the amnion grow indepen- 
dently over the germ-disc from its periphery. The serosa appears first as a 
layer of ce]ls wliich rises all round the edge of the gcnn-disc, and grows towards 
the centre, where it fuses. Only after this fusion does a second layer, the 
amnion, appear, and pass through the same process (Fig. 3, A and B). Such 
an outgrowth of a single layer of cells is difficult to understand, and must 
no doubt have originated as a fold of ectoderm consisting of two layers of cells. 
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The method observed by Kowalevskt and Schulgin must, therefore, be 
regarded as the more primitive. Somewhat similar processes are, also, to be 
found in the Insecta (especially in the Hymenoptera), in which the outer layer 
of the fold grows out beyond the inner, leaving the latter behind, so that it 
appears vestigial or else altogether disappears (c/*. the account of these processes 
which is given below in connection with the Hymenoptera, the Aphidae 
and Oecanthus). In such cases the embryonic envelope consists solely of the 
outer membrane, the serosa. Reduction does not, apparently, go as far as this 
in the Scorpiones, two membranes being always found in them (Metschnikoff, 
Oanin,* Blochmann). Metschnikoff also found that the amnion forms 
later than the serosa, and this seems to confirm Laurie's view, although 

a. 






A.. 

FiG. S.—Eu9oorpitu italicu$. A^ transverse section through the posterior part of a germ -disc. 
B transverse section through one of the posteiior segments of a germ-disc (with limbs 
already beginning to form) (after LaueieX anif amnion ; d, yolk ; dz, yolk-cells ; e, primi- 
tire thickening, point of cell-proliferation ; ect, ectoderm ; ent, entoderm ; me«, mesoderm ; 
ii, rudiment of the chain of ganglia ; $e, serosa. 

Metschnikoff was not able to make any exact statements as to the method of 
development of the inner membrane. While the serosa is composed of large 
cells, the amnion consists of much smaller cells. Fine filaments, arising from 
the small cells of the inner membrane (Fig. 5), are said to extend from one 
membrane to the other. 

The mesoderm cells which, according to Kowalevsky and Schulgin, extend 
between the two membranes of the embryonic envelope, recall the particles of 
yolk which occasionally occur between the amnion and the serosa in the 
Insecta, a phenomenon which is explained by the method of origin of these 

■ Ganin's Russian treatise on the ontogeny of the Scorpion (No. 18, 1867), 
which, as far as we know, is not illustrated, we were not able to examine. 
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envelopes. Laurie discovered no mesoderm-cells between the embryonic integu- 
ments. It will only be possible to form a reliable opinion on this subject after 
the appearance of Kowalevsky and Schttloin's complete work ; as yet we 
have only a preliminary sketch unaccompanied by figures (No. 19).* 

During the formation of the germ-layers and the development of 
the embryonic envelopes the germ-disc changes its shape, becoming 

broader at its anterior end 
(Fig. 4 A). The narrow- 
posterior part becomes 
greatly thickened through 
active proliferation of 
cells. In the middle 
line there appears on the 
surface of the disc the 
groove - like depression 
already mentioned, which 
soon disappears again (Fig. 
4 A^ after Metschnikofp). 
The cephalic region be- 
comes marked off from 
the primary trunk-region 
by a transverse furrow 
near the anterior end of 
the germ-disc, and about 
the same time, or very 
soon after, a few trans- 
verse furrows appear fur- 
ther back, these being the rudiments of the first body-segmenta 
and of a large posterior region. This is followed by the separation 
of further segments from this latter region (Laurib). 

Metschkikoff describes a stage in which the embryo seems divided up into- 
three primary regions. The anterior region corrcsi^onds to the primary cephalou, 
and the posterior to the post-abdomen ; the middle section is said to give rise to- 
the remainder of the body. This view could not be definitely proved by 
Mbtschnikoff, and it is more probable that all the trunk-segments arc derived 
from the posterior region. These early stages of the segmented germ-band show 
a certain similarity with the ontogenetic stages of the Trilobita, and might 
thus give rise to a comparison with these forms (Vol. ii., p. 840). 

In Euscorpitis, a stage was observed at which were present the 
primary cephalic region, a smaller segment following this (that of the 

• [Brauer's (App. to Lit. on Scorpiones, No. II.) observations on the origin 
of the embryonic envelopes in Euseorpius are in agreement with those of 
Laurie. Brauer's account of the whole ontogeny is most complete. — Ed.] 




Fia. 4.— JJiMcor7)iv5 iudic^is. A-C, germ-discs with the 
median longitudinal furrow (A) and germ-bands (B 
and C) (after Mbtschmikoff, from Balfour's Text- 
fiook). In B and C the neural groove can be seen, and 
in C the crescent-shaped cephalic pits, and behind 
them the rudimeDts of the copha'o-thoracic and 
abdominal limbs. 
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chelicerae), a large segment (that of the pedipalps), another in the 
act of forming (that of the first pair of limbs), and, finally, a large 
caudal region. By the separation of other segments from the latter, 
the number of body -somites is increased. - The most anterior of 
these, with the exception of the primary trunk-segment, seem the 
most developed. They become less distinct as the caudal region 
is approached. A furrow appearing in the middle line (neural 
groove), which is concerned with the formation of the ventral 
chain of ganglia, and is in no way connected with the median 
longitudinal furrow already mentioned, divides the germ-disc into 
two symmetrical halves (Fig. 4 B). The similarity between this 
embryonic rudiment and the germ-band of other Arthropoda and of 
Peripatus is now very pronounced. The germ-band lies upon the 
yolk, with its ventral surface turned outwards. In the region 
occupied by the germ-band, which includes the greater part of the 
germ-disc, the latter appears much thickened (Fig. 3 B) : the germ- 
layers spread over the yolk beyond the germ-band, but there appear 
much less developed. They gradually grow round the whole of the 
yolk, which thus conies to lie inside the embryo. 

The circumcrescence of the yolk by the cell-layers, which have long been 
differentiated as germ-layers, cannot be regarded as gastnilation, as was thought 
by Balfoub. Neither does the blastopore lie on the dorsal surface, but is rather 
to be sought on the ventral surface, in the middle of the germ -disc (p. 2). 

When about ten segments have appeared (Mbtsohnikoff), or 
perhaps earlier (Laurie), the limbs become apparent. They arise 
as outgrowths of the segments on each side of the middle line 
(Figs. 4 C and 6), and are hollow and truncated, the primitive 
mesoblastic segments which have already attained development lying 
for the most part within them, a feature which we shall find exactly 
reproduced, not only in the Araneae, but in Peripatus and in the 
lower Insecta The development of the limbs also takes place from 
before backward, but the chelicerae are remarkably late in developing 
(Fig. 4 C), When the pedipalps are already large, the chelicerae are 
no more than small prominences (Fig. 6). This must be explained 
by their smaller size in the adult. The chelicerae as well as the 
pedipalps are without doubt post-oral in position, for the mouth first 
appears quite anteriorly between the cephalic lobes (Fig. 6, m). In 
front of the mouth, an unpaired structure, the upper lip (or rostrum), 
appears later (Fig. 7 B). The rudiments of the four pairs of limbs 
which follow greatly resemble the chelicerae and pedipalps both in 
form' and in position (Figs. 6 and 8). The series of thoracic limbs 
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is followed by another series of six pairs of abdominal limbs. [In 
front of these is a small limbless segment (Brauer).] The first 
pair is specially small, and soon degenerates, the slight prominence 
covering the genital aperture (genital operculum) taking the 
place of these limbs, while the second pair gives rise to the large 
combs (Fig. 7 (7, pe). The four posterior pairs also abort, but first 

become connected with the forma- 
tion of the lung-sacs, as will be 
described later (Fig. 8, ap^-ap^). 
While the number of segments 
and limbs increases in the germ- 
band, the position of the latter in 
relation to the yolk changes some- 
what. By continuous growth, it 
finally covers almost half of the 
oval yolk. As the anterior end 
grows specially large, the cephalic 
lobes extend round the yolk, and 
the germ-band now appears bent 
round the anterior pole of the egg 
(Fig. 13 ^ and B, p. 22). The 
posterior end of the germ-band, on 
the other hand, grows out from 
the egg and bends downwards 
and forwards, and the post- 
abdomen continues to grow with 
its ventral surface turned to the 
ventral ^urface of the germ-band. 
On its ventral surface a furrow is 
apparent; this is the continuation of the neural groove (Fig. 7 B). 
Five segments form in it at a later period, the unsegmented telson 
remaining as the terminal joint (Fig. 7 C), In the germ -band 
proper, the ventral chain of ganglia now appears as a series of 
distinct segmental thickenings (Fig. 7 A and B), Long before 
the germ -band has developed to this extent, the germ-layers 
outside it have extended further over the yolk; this extension of 
the blastoderm consists not only of the ectoderm, but also of the 
entoderm, which is composed of large cells underlying the former, 
and in this manner the yolk is gradually enclosed.* In the course 

* Cf. the detailed account of the formation of the intestinal canal, given 
below (p. 19). 



Fig. 5.— Embryo of Eusccn-pivs Ualicus en- 
veloped in its membranes, between which 
fine filaments otretch (after Mbtschnikokf, 
from Balfour's Text -book}. The germ- 
band is seen in profile, lying upon the 
yolk, ab, the post^ibdomen bent round 
anteriorly; ch^ chelicerae; pd, pedipalps ; 
Pi-P4, the four ambulatory limbs, and, 
behind them, the abdominal limb*. 
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of deyelopment, the yolk becomes absorbed by the entoderm, prob- 
ably after the yolk-cells scattered throughout the former have 
brought about its liquefaction. The en- 
teron formed by the circumcrescence of the 
yolk by the entoderm becomes connected 
with the stomodaeum, which is formed 
between the cephalic lobes (Figs. 6 and 
13 ^, 77i). The proctodaeum also arises 
from a depression of the ectoderm situated 
on the ventral surface of the telson 
(according to Kowalevsky and Sohulgin 
on the penultimate segment). The meso- 
derm also extends with the growth of 
blastoderm over the yolk, and, starting 
from the ventral surface, grows upward 
between the ectoderm and the entoderm. 
The development of the embryo thus 
progresses from the ventral surface, which 
was formed early, towards the dorsal 
surface, until at last this also is com- 
pletely covered. 

It appears as if the extension of the 
embryonic rudiment over the yolk was 
accompanied by an outward displacement 
of the primitive attachment of the embryonic envelopes, so that these 
finally surround the whole embryo. According to Metschnikoff, 
they become entirely detached from the embryo, evidently after 
the enclosing of the yolk, and then form an isolated bilaminar 
envelope around it. Metschnikoff also confirms Ganin's view, 
that between the inner envelope and the embryo another fine 
cuticular membrane is secreted by the latter, and becomes detached. 
This would represent a larval integument, such as occurs in the 
Araneae and Acarina. The embryo is born surrounded by the 
embryonic envelopes, and escapes from them only after birth 
(Metschnikoff). 

The limbs of the embryo, up to this point, are merely truncated 
appendages. The pedipalps now become forked, and thus attain 
their chelate character (Fig. 7 B) ; the chelicerae undergo the same 
development. Both these pairs of limbs shift towards the mouth 
and lie at its sides. At the base of each of the pedipalps and of 
the four pairs of limbs there soon appears an outgrowth, which at 



Fio. 6. 'Germ-bands of Eiucor- 
pi us iialicus (after Laurie), eh, 
chelicerae; g, ganglia of the 
cheliceral legroent; Kl^ ceph- 
alic lobes ; m, mouth ; p, am- 
balatory limbs ; pab^ the post- 
abdomen bent forward; ped, 
pedipalps ; 2, 2, 5, U, flrat fonr 
limbs. 
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first is somewhat large, and is directed towards the middle line ; 
out of this, the masticatory blade-like appendage of these limbs 
is developed. These blades, as we have shown, are of importance 
in comparing Scorpio with Limvlvs, It is a significant fact that 
the embryo, according to Laurie, has these appendages on all the 
four pairs of limbs, while in the adult they are found only on 
the first two pairs (in the Pedipalpi on the second pair only 
{Phrynns)). 

With the segmentation of the limbs, which takes place somewhat 
late (in the stage depicted in Fig. 7 C), the embryo approaches 



Fio. 7.— Three embrycs of £useorpiu« italicuM (after Mbtschnikoff, firom Balfour's Ttxt-hock), 
ah, post-abdomen ; cA, chelicerae ; pd, pedipalps ; p^-p^^ the four arabalatory limbs ; pe, the 
pectlnes (combe) ; tt, stigmata. In the middle line is the neoral groove, and at its side the 
rudiment of the ventral chain of ganglia. The cephalic pits are visible on the cephalic 
lobes in A and B^ and the median eye In C. The transverse markings on the abdomen are 
the result of the internal segmentation caused by the primitive mesodermal segments. 

the adult form (Figs. 8 and 7 C), The limbs lengthen at the same 
time, and the rest of the body undergoes the modifications described 
above. The appendages of the first abdominal segment [second 
according to Brauer] degenerate, while those of the second 
segment [third of Brauer] increase in size and develop transverse 
furrows, which indicate that we have here the rudiments of the 
pectines (combs). Important modifications occur in the four 
following pairs of limbs, invaginations, which lead to the develop- 
ment of lungs, forming on their dorsal sides (Laurie). As these 
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invaginations form, the abdominal limbs themselves gradually de- 
generate. In the embryo depicted in Fig. 8, the abdominal limbs 
can still be recognised, while, in Fig. 7 (7, the four pairs of stigmata 
are already visible. 

The origin of the lungs as invagina- 
tions on the dorsal side of the abdominal 
linibs is a point of importance in com- 
paring the Scorpiones with Limulus, p^ 
since this ontogenetic feature is refer- 
able to the drawing of the branchial 
lamellae into the body. Although 
we feel inclined to adopt this point 
of view, it appears to us that the 
proofs brought forward by Laurie in 
support of this important point are 
not sufficient, and that the whole 
subject requires more careful and 
thorough investigation than it has 
received in his treatise. It cannot 
be denied that the relation of the 
lung- invaginations to the abdominal 
limbs is very striking. This is evident 
from Fig. 8, after Metschnikoff, al- 
though this author remarks that the 
lung - invaginations are not derived 
from the limbs, but arise at the points 
where the abdominal limbs have dis- 
appeared. 



1- 



J- 



Of,. 

ofv- ' 

Fio. 8.— Embryo of BuKorpinB italictis (after 
Mbtbchnikoff). 1-U (p), the four pairs of 
linibs; ap/j-apy/, abdouiinal limba [III- 
Vllt Bbaurr] ; bg^ ventral chain of ganglia ; 
ch, chellcerae ; m, mouth ; pab, post-abdo- 
men ; pedf pedipalps. 



Behind the last stigmata-bearing segment another pre-abdominal 
segment develops, this being followed by the post-abdomen of five 
true segments and the telson. The post-abdomen is still bent round 
ventrally (Fig. 7 C). The telson has developed at its end, and two 
ectodermal invaginations give rise at its point to the paired poison 
glands, which in the adult still open through two apertures at the 
tip of the telson. The anus appears as an ectodermal invagination 
at the end of the last true segment of the post-abdomen. 

By means of the modifications just described, the embryo attains 
the general form of the adult, these external changes having been 
accompanied by development in the internal organs, which will be 
described later, and in the covering of the body, chief among these 
being the secretion of the chitinous cuticle. At the time of hatching, 
the young Scorpion raises its post-abdomen (tail) over its back, thus 
completing its resemblance to the adult. 
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3. The Formation of the Organs. 
A, The Nervous System and the Eyes. 

The ventral longitudinal commissures arise early in the form of 
two thickened bands situated at the sides of the median groove, and 
extending the whole length of the body (Fig. 7, A and B). A 
segmentation into the ganglia is soon apparent. The increase in size 
of these ganglia (according to Kowalbvsky and Schulgin) is due to 
the development of ten to twelve pit- like depressions on each 
segment, these representing points of specially active cell-growth. 
Fifteen to twenty such depressions are also found on the cephalic 
segment. They suggest the vestiges of sensory organs, which 
finally disappear when the chain of ganglia becomes detached 
from the ectoderm. The invaginated median strand (the neural 
groove) also seems to participate in the formation of the ventral 
chain of ganglia (Patten, Laurie), but this point is not yet estab- 
lished. We are unable to determine from the statements of the 
above authors whether the chain of ganglia and the supra-oesophageal 
ganglion form one continuous rudiment, or whether these two parts 
of the system arise separately. 

The supra-oesophageal ganglion seems to arise in close relation to 
the invaginations which were evident in earlier stages, first as rounded, 
and then as semi-circular depressions on the cephalic lobes (Fig. 4, 
C, and 7, A and B). "While these cephalic pits are still shallow, a 
distinct thickening of the ectoderm takes place between them (Fig. 
12, A). This forms the median wall of the two pits. We may 
assume that this thickening is chiefly concerned in the formation of 
the brain. Later, the pits become deeper, their apertures become 
narrower, and shift backwards, as will be further described in 
connection with the formation of the eyes. It appears that the 
rudiment of the brain at the same time becomes gradually detached 
from the pits, and takes up a more lateral position. This accounts 
for the fact that, at a later stage, the rudiment of the brain lies 
laterally to the pits. The cephalic pits furnish the rudiments of 
the median eyes. 

The above description does not altogether agree with statements made by 
Laurie, Kowalevsky, and Schulgin, who regard the brain as more closely 
connected with the depressions, indeed, as directly derived from them. We are 
not able, howcTer, to interpret the figures given by Laurie and Patten in any 
other sense. There would still be a connection between the formation of the 
brain and that of the median eyes, but it would not be so close as the authors 
above-named imply. 
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In the rudiment of the brain, and especially in those parts of the 
cephalic pits which take part in its formation, there occur the same 
small depressions which were mentioned above in connection with 
the formation of the chain of ganglia, and were regarded as the 
formative area for ganglionic cells (Kowalevskt and Sgbulgin, 
Laurie). When the brain separates from the cephalic pits, it seems 
at the same time to lose its connection with the ectoderm. 

With the brain are united the ganglia of the cheliceral segment 
(Kowalevsky and Sghuloin), a corresponding connection being 
found in the adult. The two pairs of cheliceral nerves thus have 
their origin in the brain, which is divided into an anterior portion, 
giving origin to the optic nerves, a small middle unpaired portion 
giving origin to the nerves of the rostrum, and a posterior paired 




Fio. 9.—Eu9Corpiu$ itcdiciu (after Laubib). A, tnuisyerae section throagh the anterior part 
of the embryo ; B, anterior part of an embryo spread out flat, and seen Ax)m the ventral 
side ; C, sagittal section through the head, a, rudiment of the median eyes (l^QMs) ; c^i 
chelicerae; e, cephalic pits; g, brain; Pi, p,, first and second ambulatory limbs; ped, 
pedipalps ; rd, stomodaeum. 

portion giving origin to the cheliceral and sympathetic nerves. The 
thoracic ganglia and those of the first two [? three] abdominal 
segments unite to form the large sub-oesophageal ganglionic mass in 
the thorax which approximates to the brain. The number of ab- 
dominal ganglia becomes reduced, by this fusion of some of the 
anterior pairs, to seven (four probably belonging to the pre-abdomen, 
and three to the post-abdomen). Some of the above facts were 
made known through the researches of H. Kathke (No. 28) as 
early as 1837. 

The formation of the median eyes is connected with that of the 
supra-oesophageal ganglion, inasmuch as both can be traced back, in 
part at least, to the cephalic pits. It has already been stated that 
these pits are said to take part in the formation of the brain. It is 
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probable that, before the complete separation of the brain from the 
cephalic pits, the apertures of the two invaginations (Fig. 9, A, e) 
shift backward and towards the middle line, so as to fuse later to 
form a common depression. This change is evidently due to a 
process of growth, by which that portion of the body lying between 
the pits is gradually drawn into them. If we rightly understand 
Laurib^s description, the common pit seems to be of large extent, 
but rather shallow (Fig. 9, B, e). It lies immediately in front of the 
chelicerae which have already developed as pincers. 

The position of the chelicerae in relation to the cephalic pit is 
somewhat difficult to determine from the illustrations available. In 
Fig. 12, the pits at several stages are indicated in outline; but 
unfortunately Patten*s description does not enable us fully to 
understand his figure. 

^- C. 



Fio. 10— Sections throngb three stages of development of the median eyes in Scorpio (Aj 
after Parker, B and C, diagrammaticX g, brain (?) ; gl, vitreous body ; h, hypoderrais ; 
/, lens ; n, optic nerve ; pr, post-retinal layer ; r, retina ; rh, rhabdom. 

The outer edge of the pit grows towards the middle line, thus 
roofing it in and causing an approximation and ultimate fusion of 
the two apertures, and the formation of a single bilobed pit in place 
of the two originally distinct ones (Figs. 9, C, and 12, F). The 
outer wall of the pit lying under the ectoderm or hypodermis 
thickens (Fig. 9, (7), while the inner wall remains thin and unilam- 
inar. The whole depression, which is somewhat closely apposed to 
the hypodermis, becomes flattened dorso- vent rally, so as to appear like 
a flat pouch (Fig. 10, ^). A right and a left portion can, however, 
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1)6 recognised, and each of these portions corresponds to the rudi- 
ment of one of the eyes. 

The dorso-ventral flattening undergone by the common optic pit 
considerably diminishes the size of its cavity, of which, finally, only 
traces can be found (Fig. 10, A). The external aperture also closes 
completely. The thickened upper wall of the optic pit is now in 
close contact with the hypodermis (Fig. 10, A, r), and pigment has 
already appeared in it. It represents the retina of the eye, and, later, 
by gradual differentiation, yields the groups of retinulae, as well as 
the pigment-cells between them. The hypodermal layer (h) which 
lies over the retina becomes the vitreous body, and secretes the lens 
externally ; it has therefore recently been designated as the lentigen 
layer (Mark). The cell-layer lying behind the retina, i.e. the lower 
wall of the optic pit (Fig. 10, pr), is the post-retinal layer of ecto- 
derm-cells found in the adult. This layer secretes posteriorly the 
cuticle which surrounds the optic cup (Fig. 10, C), The post-retinal 
layer itself comes into close contact with the retina at a later stage. 
A cuticle resembling the basal membrane of the post-retinal layer 
also appears between the cells of the vitreous body and the retina 
(Parker). It represents the fused cuticular borders of these two 
cell-layers and separates them from one another (Fig. 10, 0). 

The innervation of the developing eye is of special interest. It 
has already been shown that part of each cephalic pit enters into the 
formation of the brain, and the optic ganglia must, indeed, arise 
chiefly in this way. In Fig. 12, B and (7, these ganglia are seen 
connected with the optic pit. Later, they become almost entirely 
separated from it, retaining only a narrow and drawn-out connection 
representing the optic nerve (Fig. 12, (7 and D), On the inner 
side the optic ganglia are connected from an earlier stage with the 
brain (Fig. 12, A and />). 

In the earlier stages in the development of the eye, the optic 
nerve is at first connected with the convex surface of the optic 
invagination (Parker), and the nerve fibres seem chiefly to unite 
with the surface which is turned towards the hypodermis (Fig. 10, 
B), This surface, however, corresponds to the side of the retina 
which, in the adult eye, is directed towards the exterior, i.e. the 
nerve-fibres at this stage unite with those ends of the retina-cells 
which, in the adult eye, are the free ends, and are directed outward. 
Directly opposite conditions are thus found in the embryo and in the 
adult, and it must be assumed that the nerve-endings shift, during 
the course of development, from the outer to the inner ends of the 
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retinal cells (Mark, Pabkbr). If the above is really the case, these 
processes are of great histological interest, but these changes need 
further investigation before they can be regarded as fully established. 
From a theoretical standpoint, the account just given of the. optic 
nerves is highly suggestive. The rudiment of the eye appears as 
an invagination, and we should expect that, by the closing of this 
invagination, the lens and the vitreous body would develop from the 
outer, and the retina from the inner, wall of the optic pit. The 
nerve would then join the posterior wall of the eye. This latter is 
actually the case, but the lens and the vitreous body are formed 
from a part of the hypodermis lying outside the invaginated area 
(Fig. 10, A-C), A striking modification in the formation of the 
eye has thus come about, the cause of which is as yet unknown. 
The result of this modification is that the surface of the retina 
which, at an early stage, was directed inwards, is now approximated 
to the lentigen hypodermis (Fig. 10, B), With this portion of the 
optic pit the nerve retains its primary connection. In order that 
the eye may form according to this new method, however, the nerve 
must shift from the original convex, lower surface to the primary 
concave surface of the invagination (Fig. 10, ^ and (7). A portion 
of the wall of the pit becomes, during this process, the post-retinal 
layer, losing its sensory character. This layer must necessarily be 
traversed by the nerve, as is actually the case in the adult animal 
(Ray Lankester and Bourne, No. 20). 

The lateral eyes arise much more simply than the median eyes. 
At the time when these latter arise, two long pigmented areas of the 
integument appear laterally and somewhat posteriorly to them; 
these are the rudiments of the lateral eyes. The hypodermis is 
much thickened at these parts, and a number of depressions appear ; 
there may be as many as five, but the number varies in the difi'erent 
species of Scorpio (Fig. 11-4, //- V), Each of these pits gives rise 
to an eye, which develops very simply in keeping with the simple 
structure of the adult lateral eye (Parker). The greater part of the 
invagination becomes the retina. When the lens is formed, the more 
peripheral cells grow inward over the central portion (retina) and 
secrete the lens, which now lies over the slightly depressed central 
part (Fig. 11 B). In this latter, we now find differentiated retinal 
cells and the intercalated pigment cells, while, laterally, this single 
layer of cells passes gradually into the peripheral (lentigen) cells, 
which, in their turn, are continued direct into the hypodermis 
(Fig. 11 B), This continuous cell-layer secretes posteriorly ti cuti- 
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cular basal membrane, which separates the eye from the surrounding 
tissues. The nerve becomes connected with this posterior side of 
the eye. 

While the median eyes of Scorpio thus originate as complicated 
processes of infolding, the lateral eyes arise very simply as mere 
depressions of the hypodermis. The simpler structure of the lateral 
eyes is not sufficient to explain this, so that there must be other 

a. 



3b. 



Fio. 11.— SecUont through two ontogenetic stages of the lateral eye« of Scorpio. A, earlier, 
B, later stage; somewhat diagrammatic (after Parker and LauricX II-Vi the optic 
invaginations; h, hypodermis; in, intemeural cells; {, lens; m««, mesodermal tissue; 
n, optic nerve : jm, perineural cells ; r, retina ; rA, rhabdom ; «2, retinal cells (tenninal cells 
of the ner>'eX 

factors which are not yet rightly understood. In relation to this, the 
transformation of the cephalic pits into the rudiments of the median 
eyes is remarkable. 

We have founded our account of the origin of the brain and the 
eyes on the descriptions of authors who have investigated this 
subject, but these are for the most part very incomplete, especially 

c 
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as regards the formation of the brain and the first rudiments of the 
median eyes. These observers sometimes directly contradict them- 
selves, or else their accounts are rendered quite incomprehensible by 
paucity of description or of figures. [See Brauer's recent work.] 

We must, before leaving this subject, give a brief account of Patten's 
description of the origin of the brain and eyes, which differs essentially 
from that given by other authors. Patten assumes that the cephalic lobes in 
Scorpio consist of three segments {jtf, the structure of the brain in the Insecta). 
Each of these three segments bears two pairs of eyes, a pair of optic ganglia, 

a. 




Fio. 12.—^, transverae seetion through the cephalic lobes of Evxorpi%s iUdicus, showing the 
two cephalle pits (e), somewhat diagrammatic. B-D^ sagittal sections through the cephalic 
lobes of BvAKut oaroIinianiM, showing the fonnation of the brain and the median eyes. E 
and Ft plans of the cephalic lobes of the same Scorpion at different stages {A^ after Laurie, 
B-F, after Patteh). e, cephalic pit ; €,-€„„ the same in the three segmenta of the cephalic 
lobes ; (7,.nidiment of the brain ; grUun the same In the three segments ; g.o, optic ganglion 
(S.OrH.o,u^T^ the three segments); m.a, median eyes; it.o, optic nerve (n.o„ and n.o«, in the 
second and third segments); o.p,-o.p,s,t '* optic plate" of the three segments; r, retina; «.a, 
lateral eyes. 

and a segment of the brain (Fig. 12 E and F), In each segment two regions 
can be distinguished, a central, cerebral portion and an external optic region, 
tliis again being divisible into an inner portion yielding the optic ganglia, and 
an external region which yields the eyes ("optic plates*'). These regions are 
thrice repeated from before backward (Fig. 12 E). Whereas other authors 
observed only the two semicircular depressions of the cephalic lobes, Patten 
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'describes three pairs of depressions, odo in each segment ;' the one in the middle 
must be identical with the cephalic pits of other authors, its transfonnation has 
already been described (pp. 12-15). Tliese middle pita give rise simultaneously 
to the median eyes aiid the optic ganglia^ the latter sinking in with theni 
<Fig. \2 E). The fomuUian of the optic nerve is thus easy to explain (Fig. 12 
C and Z>). The optic ganglia are connected with the cranial part, which has 
meanwhile also shifted inwards. 

The first segment has no eyes, but the third carries the lateral eyes ; these, 
however, are not invaginated. We cannot here follow Patten's account further, 
as his conclusions do not seem sufficiently supported, and his statements are too 
fragmentary. It is also impossible to decide as to the value of Patten's 
statements, which, as the title of his treatise (No. 27) shows, were made with 
-another object ; indeed, his method of description often makes it impossible for 
us to obtain even a slight idea of the formative processes observed by him. 

B. The Lung-sacs. 

The lung-sacs arise, as has already been mentioned (p. 11), as 
-depressions on the posterior sides of the last four abdominal limbs 
<Met8Chnikoff, Laurie, Fig. 8, p. 11). These depressions are at 
first shallow, but then grow deeper and spread forwards, extending 
in front of their narrow apertures, which correspond to the future 
43tigmata (Fig. 9 (7, st). The sacs project into a vascular mesodermal 
<;avity (Kowalkvbky and Schulgin, Laurie). 

The assumption of the adult form by the lung-sacs takes place in 
the latest embryonic stages; it commences by the occurrence of 
-depressions in their inner walls. These lead to the formation of 
folds which grow out further and further into the cavity of the sac 
{i.e. posteriorly). Other folds form, and the lamellate structure of 
the sacs thus gradually arises (Laurie). The wall of the embryonic 
lung-sac consists of a cylindrical epithelium (hypodermis), which 
secretes a fine cuticle on the surface turned towards the cavity of 
ihe sac (Metschnikofp).* 

We shall deal further with the development of the lung-sacs and their 
morphological relations when we come to treat of the respiratory organs of the 
Araneae (p. 76). 

C. The Intestinal Canal. 

The enteron develops somewhat differently in the different regions 

■of the body. While the entoderm is represented by a single layer of 

<5ell8 wherever it surrounds the yolk, in the post -abdomen it first 

appears as a solid cell-mass (Fig. 13). In the post-abdomen, the 

• [Laurie (App. to Lit. on Scorpiones, No. IV.) states that the lamellae of 
the lung-book in the embryo lie horizontally and parallel to the ventral surface, 
while in the adult the lamellae are arranged parallel with the axis of the body 
and perpendicular to the ventral surface. He supports MacLeod's rather than 
IjANkester's view concerning their origin. — Ed.] 
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enteron first develops fully, arising from this cell-mass in the form of 
a tube which, like this body-region itself, is at present neither thick 
nor long. The gut continues to develop from this region, the 
epithelium differentiating first on the ventral surface, and gradually 
extending dorsally. The whole of the yolk was surrounded by 
entoderm at an earlier stage, but it appears that the cells of the 
entoderm resemble those we have already met with in the Crustacea 
(Vol. ii., p. 1 29). They are greatly swollen and are of a cylindrical 
shape, so that they do not yet resemble the future intestinal 
epithelium; they are chiefly occupied in the assimilation of the 
yolk. This provisional epithelium gradually changes into the 
definite intestinal epithelium from behind forward, first developing 
ventrally, and then extending towards the dorsal side. The hepatic 
caeca, which at first contain abundant masses of food-yolk, form as 
outgrowths of the provisional epithelium, perhaps also caused by 
the inward pressure of the folds of the splanchnic layer of the 
mesoderm, as in the Araneae (p. 82). It appears as if the hepatic 
tubes were segmentally arranged. By further extension and rami- 
fication, the liver attains its definite form. 

It seems probable tliat the above description of the development of the 
enteron is correct, since Laurie, as well as Kowalevsky and Schuloin, speak 
of a somewhat early and complete circnracrescence of the j'olk by the entoderm. 
We have not, however, succeeded in obtaining a perfectly clear idea of these 
processes from the works of these observers. They might be understood to 
imply that the circumcrescence just mentioned is only complete at some parts, 
e.g. anteriorly, where the gemi-l^and grows round the pole of the egg, and 
especially posteriorly, and that the circumcrescence of the yolk by the entoderm 
only takes place from behind (progressing ventro-dorsally), the entoderm soon 
developing into the definitive intestinal epithelium. This method of origin of 
the intestine would somewhat resemble that in the Araneae, where the epithelium 
of the enteron grows round the yolk-mass, which is directly bounded by mesoderm 
(p. 82). We are not, however, able to obtain this idea from the treatises under 
review, and there would even then be considerable difference between this 
process and that in the Araneae, since, in the latter, the firat rudiment of the 
enteron is said to form from an accumulation of yolk-cells. 

The two long, tubular intestinal appendages which until now have 
been called Malpighian vessels, and thus regarded as homologous with 
the synonymous organs of the Insects and Myriopoda, arise in the 
last segment of the pre-abdomen as outgrowths of the enteron 
(Laurib). The two outgrowths form comparatively far forward on 
the enteron at a time when the proctodaeal invagination has not yet 
appeared. When this arises, the Malpighian vessels are seen opening 
into the intestine in the pre-abdomen ; their point of origin is thus 
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far removed from the proctodaeum. This is not the case in the 
Araneae, in which the so-called Malpighian vessels arise close to 
the point where the enteron and the proctodaeum unite. In the 
Scorpiones also the large section of the intestine lying behind the 
point where the Malpighian tubes enter it has been regarded as 
the proctodaeum, i.e., looked upon as of ectodermal origin. If 
Laurie's observations should prove correct, this section, or at any 
rate the greater part of it, must be considered as entodermal, and 
the proctodaeum proper would then also be very short in the adult ; 
a decided shifting of the Malpighian vessels must then have taken 
place. 

Although KowALBVSKY and Schulgin do not mention the origin of the 
Malpighian tabes, their statements as to the origin of the enteron and the 
proctodaeum agree with Laurie's view. According to them, the tubular 
posterior part of the enteron grows through the whole of the post-abdomen to 
the penultimate segment, where it joins a short proctodaeum. But for this 
statement, we might be inclined to suppose that the portion of the intestine 
]ying in the post-abdomen was of ectodermal origin, and to assume that the 
proctodaeum ran very far forward, especially as the proctodaeum in the Araneae 
is very long. Such an assumption, however, is incompatible with the descrip- 
tions of Laurie and of Kowalevskt and Schulgin. We must therefore 
regard the so-called Malpighian tubes of the Scorpiones as entodermal, although 
we must point out the desirability of further research in connection with this 
important point. The Malpighian vessels of the Myriopoda and the Insects 
arise undoubtedly from the ectoderm, i.e., they are appendages of the procto- 
daeum. In a few Crustacea, on the other hand {e.g., the Amphipoda), tubular 
appendages are found at the posterior part of the enteron, which are probably 
excretory, and resemble the Malpighian vessels in structure. 

The stomodaeum arises as an invagination between the cephalic 
lobes (Figs. 6 and 13 B). The proctodaeal invagination which, 
according to Laurie, appears at a very late stage, seems to be shifted 
towards the penultimate segment; this corresponds to the position of 
the anus in the adult The two ectodermal organs, the stomodaeum 
and the proctodaeum, only unite with the enteron at a later period. 
Indeed, the intestine develops so late that, when the embryo is ready 
for birth, its cells have not yet attained the regular epithelial arrange- 
ment of the anterior part of the enteron, but some of them still 
extend in between the masses of yolk. The cells are not distinctly 
marked off internally, and the lumen is not yet formed. This 
incomplete development of the intestine, and the presence of a 
quantity of yolk within it, render it highly probable that the young 
Scorpion does not begin to feed for some time after birth. The 
mother is known to take care of the brood also after birth, carrying 
the young about on her back for some time. 
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D. The Mesodermal Derwatiyes. 

Our information as to the origin of the mesodermal structures is 
very slight; but from what is known of the differentiation of the 
mesoderm-bands, it appears to be very primitive. The two mesoderm- 
bands break up into a number of somites, corresponding to the 
segmentation of the body, these somites developing from before 




Fig. is.— Sagittal sections throagh the embryo of EiiKorpius iidlinis (after Lauris), to bIigw 
the dorsal curvature of the gerni-bAnd. A^ near the middle line; fi, median section. 
ab, abdomen ; ch, ctaelicera ; d, yolk ; ent, entoderm ; h, ca%nty of the primitive segments ; 
U, cephalic lobe; m, mouth Cstomodaeum) ; mes, mesoderm; 2'i-r4i ^"^ ^onr limbs; 
pabf post-abdomen ; pfcf, pedipalp. 

backward (Fig. 13, h and mes), those of the post-abdomen being the 
last to form. A well-developed pair of these primitive mesodermal 
segments occurs in the (primary) cephalic region (Fig. 13 A). At 
first the primitive segments lie at a little distance from the ventral 
middle line (Fig. 3 /i), but they grow in towards it later. 
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Their extension towards the dorsal surface is, however, specially 
noticeable. While this dorsal extension is less marked in the 
anterior segments, it is very striking in the abdomen, where the 
primitive segments soon grow beyond the area of the germ-band 
towards the dorsal side. This is well marked in the posterior 
region in Fig. 7 B, though these segments are shown somewhat too 
distinct. As the anterior segments undergo the same process, the 
whole of the mesoderm, pressing forward between the ectoderm and 
the entoderm, extends dorsally. The outer wall of the primitive 
segments (the somatic layer), is now thicker, being composed of 
several layers of cells, while the inner wall (the splanchnic layer) 
consists of a single layer of cells. The pair of primitive segments 
in the cephalic region has specially thin walls, the lumen also being 
comparatively small (Laurie). 

The extension of the mesoderm dorsally is not caused by the 
mere enlargement of the primitive segments with their cavities, but 
this extension progresses in such a way that, dorsally, where the 
somatic and splanchnic layers unite, the common rudiment continues 
to grow upwards as a single layer of cells (Kowalevbkt and Schuloin). 
This more dorsal portion of the mesoderm does not split up until 
later, when there is formed in each segment another pair of 
segmental cavities, the walls of which now meet in the dorsal middle 
line (Laurie). We thus find that the differentiation of the meso- 
derm in the Scorpiones is very primitive, and strongly recalls the 
similar process in the Annelida. A similar condition is also found 
in the Araneae. Before the development of the primitive segments 
has advanced thus far, the rudiment of the heart is said to appear. 

£. Blood-yascular System and Coelom. 
The heart, according to Kowalevsky and Schuloin, develops from 
the paired layer mentioned above as proceeding from the dorsal union 
of the somatic and splanchnic mesoderm. These grow on either 
side towards the dorsal middle line, where they unite. At the same 
time they seem to bend upwards, each forming half of a tube open 
towards the entoderm, which extends from the head to the tail of 
the embryo. When this half tube closes on its lower side, the 
formation of the dorsal vessel is practically completed. The anterior 
part of it, which lies in the cephalo-thorax, and the most posterior 
part no doubt yield the anterior and posterior aortae. 

In the cavity of the heart there are many isolated cells which became 
detached from the primitive segments before they extended dorsally. These 
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cells yield the blood-corpuscles. A similar process has been observed in the 
formation of the heart of the Araneae (see Figs. 45-47, pp. 86-89). 

The description of the origin of the heart given by Kowalevsky and 
ScHULGiN is not altogether easy to reconcile with that given by Laurie. The 
statements of the former seemed so definite that we felt obliged to follow them ; 
but, on the other hand, the observations of Laurie agree better with the 
processes which take place in the Araneae. It is, in fact, impossible to obtain 
' a clear idea of the whole process from the works under considei-ation. According 
to Laurie, it appears as if the dorsal part of the mesoderm had already split 
when the formation of the heart begins, in which case this organ would 
develop as in the Araneae. We are, moreover, disposed to regard the process 
as resembling that in the Annelida, and to imagine a delamination of the 
mesoderm to form tlie heart ; this organ, however, is thought to arise somewhat 
differently in the Araneae (p. 88). 

Kowalevsky and Schuloin distinguish an endothelium and a muscle-layer 
in the heart, both arising from the mesoderm. During the differentiation of 
these layers, the ostia appear in the wall of the heart. The alary muscles 
form from the mesoderm, and a layer of mesoderm-cells appears around but 
at a little distance from the heart, forming a continuous envelope to it ; this 
is the pericardium. 

The coelom of the Scorpiones, up to the time when the heart 
forms, closely resembles that of the Annelida. It consists at first 
of separate divisions formed in the primitive segments. The anterior 
and posterior walls (dissepiments) of the latter are broken through, 
but the cavities themselves are retained for a time, and are lined 
by the coelomic epithelium; they thus represent a true coelom. 
At the time when outgrowths of the splanchnic layer extend in 
between the lobes of the liver, this is, according to Laurie, still 
the case. These cavities then become filled with cells, which 
doubtless arise during the disintegration of the wall of the primitive 
segments. The somatic layer undergoes further differentiation, the 
body-musculature forming out of it. The coelom will be further 
described in connection with the development of the Araneae, in 
which it is better known than in other Arachnids. 

F. The Ooxal Glands. 

A complicated coiled gland is found on each side of the cephalo- 
thorax in the Scorpiones, opening, in the young, on the base of the 
third ambulatory limb (Fig. 14, A), At its earliest stage, this gland 
is described by Laurib as a simple, straight tube, which runs forward 
from its aperture at the base of the third ambulatory limb in the 
somatic layer of the mesoderm, and communicates with the coelom 
through a funnel-shaped aperture. The tube becomes closely coiled 
later, finally forming the glandular mass which is found in the adult. 
The external aperture was still evident in the young when ready for 
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birth. This latter point was confirmed by Kowalevsky and Schulgin, 
who observed the gland both in its earlier slightly coiled stage and 
in its later more compact condition. [See Brauer, No. II.] 

The stnicture and position of the cozal glands in the youngest known stage 
render it highly probable that they are formed from the somatic mesoderm. 
They are assumed to be nephridia, a view which seems very probable. Considering 
the primitive character 

of the coelom in the jft 

Scorpiones, we should ^^ • 

expect the nephridia to 
open into the body- 
cavity through funnels, 
and this is actually the 
case for a time. The 
further development of 
the inner terminations 
of the gland must de- 
pend essentially on the 
modifications undergone 
by the body-cavity, but 
this i)oiut is somewhat 
obscure. More thorough 
ontogenetic researches are 
required before it can be 
stated with certainty 
whether, as in Peripatua 
an<l the Crustacea, a part 
of the body-cavity forms 
a capsule for the forma- 
tion of the terminal sac 
of the gland, or whether 
the mouth of the funnel 
is retained for a consider- 
able time in a wide 
secondary body -cavity. 
The most recent wTiter 
on this subject, Sttkany 
(No. 14) was not able 
to prove that the cozal 
glands in the Arachnida 
opened into the body- 
cavity, and he inclines to believe in the presence of a closed terminal sac, such 
as is found in the Crustacea, but here also we must demand actual proofs. 

O. The Qenital Organs. 

The ontogeny of the genital organs has as yet been little investi- 
gated. They were first observed by Laurie at a late stage of 
development shortly before birth, in the first abdominal segment 
[second, Brauer], as tubular structures at first unconnected with 
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Fio. \\.—E\i«orfiu» UalicuB, Portions of sections through a 
newly-hatched Scorpion {A) and an advanced embryo (fi) 
to show the coxal gland and the foniiation of the genital 
organs (after Laurie), a, efferent duct of the coxal gland ; 
ec, ectoderm ; g^ efferent duct of the genital organ ; g.op^ 
genital operculum ; ZA, body-cavity ; m, external opening of 
the coxal gbind ; mes, mesoderm ; », ventral nenre-cord ; 
V»t P4f bases of the third and fourth limbs ; $o, somatic, 
tpf splanchnic layer of the mesoderm. 
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the exterior (Fig. 14 B), Kowalevsky and Sohulgin, who also 
noticed them, referred them, though with some hesitation, to the 
splanchnic layer of the mesoderm. Laurie's account would rather 
tend to show that they arise from the somatic layer, as do the coxal 
glands of the Scorpiones and the nephridia of the Annelida (Vol. i., 
Fig. 137, p. 297). The nephridial character of the efferent genital 
ducts seems to be confirmed by the fact that they open into the body- 
cavity in the form of a wide funnel (Kowalbvsky and Schulgin 
[Brauer]). Laurie also believes that at least in part they are 
nephridial in origin. The ends of the canals which are directed 
outwards long remain closed, a fact which we do not regard as 
disproving the nephridial character of the efferent ducts, since even 
the Annelidan nephridia develop in a similar way. 

From Laurie's description we might imagine that the mesodennal efferent 
ducts become directly connected with the ectoderm at the points where the 
remains of the first pair of abdominal limbs lie in the form of ectodermal 
thickenings (Fig. 14 5, g.op)^ as is the case, according to Bergh, with the 
nephridia of the Annelida. Kowalevsky and Schulgin, however, speak of an 
ectodermal invagination, towards which the mesodermal efferent duct grows, so 
as to unite with it. This invagination, as far as can be made out from their 
short account, is small, and it appears very possible that such an ectodermal 
invagination might arise at the thickening which indicates the position of the 
abdominal limbs. An ectodermal termination has also repeatedly been assumed 
for the nephridia and the genital efferent ducts of the Annelida. It is, however, 
highly probable that the short unpaired portion is derived from a depression of 
the ectoderm. In the Pedipalpi this unpaired segment is much larger, and 
becomes a large cavity (No. 81). 

The genital glands arise, according to Kowalevsky and Schulgin, as cell- 
thickenings "apposed to the inner tube." This can only be understood to mean 
that a part of the peritoneum (i.c., of the secondary body-cavity) is concerned 
in the formation of the genital organs ; on this point, however, as well as on 
the differentiation of the mesodermal structures, we await further particulars.* 

IL Pedipalpi t 

According to Bruce, who has made a few statements as to the ontogeny of 
Phrynus, the embryo here, as in the Scorpiones, has an embryonic envelope. 
We may indeed make the general assumption that the course of development in 
the Pedipalpi resembles that in the Scorpiones. Bruce points out as specially 
remarkable the existence of a sensory organ at the base of the second ambulatory 
limb, consisting of columnar cells prolonged externally into filaments. 

The Pedipalpi are very closely related to the Scorpiones, and, like 
the latter, show in their organisation many points of agreement with 

• [See footnote, p. 3.— Ed.] 

+ [The Pedipalpi are oviparous ; the eggs are carried in a gelatinous sac 
attacned to the ventral surface of the motlier. For chief ontogenetic features 
see App. Lit. Pedipalpi, Nos. I. -III., noting presence of reversion of germ-bands 
and unanimous conclusion that Pedipalpi are more nearly related to the Araneae 
than to the Scorpiones. — Ed.] 
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Limulus (Ray-Lankesteb, Bruce). Our knowledge of the ontogeny 
of the Pedipalpi is unfortunately very incomplete, and this may also 
be said of Koenenia mirabilis, a form discovered by Grassi (under 
stones in the plains of Catania), which shows great resemblance to 
the Pedipalpi, but has been placed by him in a separate order, the 
Microtelyphonidae, the Palpigradi of Thorell.* This form is said 
to have no special respiratory organs, and Grassi therefore sees in 
it a transitionary form between the Gigantostraca and the Arachnida, 
which has " already lost the gills, but has not yet developed respira- 
tory organs suited to a terrestial existence '*! We can hardly imagine 

A 



Fio. 15.— Embryos of Chelifer in their envelopes (after METscuKiKOFy, from Balfour's Text- 
book). A, early cleaynge stage. £, stage in which the blastoderm (U) has separated from 
the yolk-masses within. C, splitting of the blastoderm into two layers. The yolk-masses 
are seen within the egg. A cell-like albtiniinons tissae appears between the blastoderm 
and the egg-integument. 

such a transition, and would rather regard the absence of respiratory 
organs, if it actually occurs, as a degeneration, such as is met with 
in other air-inhabiting Arthropoda in cases where the body is dis- 
tinguished from related forms by its specially small size (e.g., in a 
few Mites, among the Arachnida, and in Pauropus among the 
Myriopoda). 

ni. Pseudoscorpiones. 

The little that is as yet known of the ontogeny of the Pseudoscorpiones does 
not seem sufficiently well established to enable us to form a decisive judgment 
with regard to the extraordinary development of these fomis. Metschnikoff's 

• [Hansen and Surensen (App. Lit. on Palpigradi, No. I.) give a very careful 
account of Kotnenia^ and correct many errors in Grassi's description. — Ed.] 
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statements as to the development of Chelifer up to the time of the formation of 
the blastoderm are, indeed, confirmed by Stecrer with regard to Chthonius^ 
but the description of the latter author is not calculated to inspire confidence. 
A more recent treatise by J. Baerois * on the ontogeny of Chelifer is too short 
to supply many further details. 

The eggs of Clielifer and of Chthontue are spherical and crowded 
with yolk-epherulee. Each is surrounded by a vitelline membrane, 
and again by a second envelope probably secreted by the oviduct. 
These eggs are carried by the mother on the ventral surface of the 
abdomen, where they pass through their development. The cleavage 
is at first complete, the egg dividing up into two, four, and eight 
equal blastomeres (Fig. 15 ^). In the latter stage, i.e., when the 
egg is divided up into eight spheres, clear protoplasmic segments 
are said to appear on the surface of the yolk-laden spheres. The 
number of these clear cells soon greatly increases, until they form a 
layer surrounding a central mass of yolk (Fig. 15 J9); this layer may 
be regarded as the blastoderm. The large yolk-segment« with their 
nuclei can still be clearly seen within the egg.t 

The whole process must, no doubt, be thus explained : The few nuclei which 
enabled the yolk to break up into segments, by division, send off nuclei to the 
periphery, the nuclei which remain within corresponding to the yolk-nuclei of 
other Arthropod eggs. In the fact that the yolk itself remains segmented these 
forms are peculiar. 

As the segmentation of the yolk gradually disappears, the blasto- 
derm divides into an outer and an inner layer of cells (Metschnikoff, 
Fig. 15 (7). About this time, large clear bodies appear between the 
blastoderm and the egg - integument ; these contain structures 
resembling nuclei, and therefore resemble cells (Fig. 15 C). 
MsTscHNiKOFF was reminded by them of an embryonic envelope, but 
could not convince himself that such a covering was actually present, 
and regarded these structures as disintegrated masses of albumen, a 
view also taken by Steckbr. These cells recall those found beneath 
the cuticular envelopes in the Mites (Clapar^de's haemamoebae, 
Fig. 53, p. 99). 

* We have not heard of any more detailed work on this subject by Barkois ; 
Stecker's preliminary notice also seems not to have been followed by any 
larger treatise. [See Barrois (App. to Lit. on Pseudoscorpiones, No. I.). — Ed.] 

t [Barrois (App. to Lit. on Pseudoscorpiones, No. L) has recently very fully 
investigated the development of Cfielifer; he finds that segmentation may be 
either total or partial, the latter condition predominating and resulting in a core 
of yolk with peripheral cells, some large, which form the blastoderm, others very 
small, which become applied to the vitelline membrane. A deep median ventral 
longitudinal groove appears, from the walls of which mesoderm -cells are pro- 
liferated off. Origin of the entodei*m obscure, nuclei appear in the yolk. — Ei).] 
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The further diflTerentiation of the embryo is characterised by the 
early and pronounced development of the future anterior end of the 
body; this appears as a great accumulation of cells belonging to 
the inner layer of the blastoderm. A pair of marked swellings 
appear on either side of this region, and from each of these a large 
truncated appendage soon arises (Fig. 16-4). These processes are 
the rudiments of the pedipalps which are here, as in Scorpio, the 
first limbs to appear. They are still in a very primitive condition, 
the inner yolk-mass extending far into them (Fig. 16 ^ and B), In 
front of the limbs, towards the ventral surface, there is a swelling 
which, even at this early stage, is distinguished by its strong muscu- 
lature, and consequently has a striped appearance (Figs. 16-4 and B, 
r, 17 A), This is the rudiment of a provisional organ — a kind of 
sucking proboscis (Fig. 16 C) which serves for attachment and for 




Fio. 16.— -4 and B, larva of Cheli/er ; C, provisional proboscis of an older stage (after Metsch- 
nikoft). v4, ventral aspect ; B and C, ftt)m the side, ab, abdomen ; d, yolk ; p, brain ; p, 
the four limbs ; pd, pedipalps ; r, proboscis (provisional larval organ). 

taking in food. The embryo leaves the egg at this stage, having 
previously undergone a larval ecdysis. A fine cuticle, which 
occupies a peculiar position between the bases of the two limbs, 
becomes detached from the embryo. The larva, when hatched, at 
the youngest stage shown in Fig. 16 ^, has the ihuscular proboscis, 
the truncated pedipalps, and the rudiment of the abdomen directed 
forward. The proboscis, which is regarded as a modified upper lip, 
already seems to function as a sucker, for the larva attaches itself by 
means of this organ to the ventral surface of the mother. The 
proboscis lengthens considerably at a later stage, and becomes applied 
to the ventral surface of the larva, lying between the limbs (Fig. 16 
B), Barrois has described a provisional oi'ol aperture situated 
between the pedipalps. There are also, according to Barrois, 
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chitinous structures in the proboscis. There is no mention of an 
external aperture to the proboscis ; Mktschxikoff could not find one, 
although he assumes that the larva obtains its nourishment by 
sucking the blood of the mother. Soon after becoming attached to 
the body of the mother, it swells considerably, and becomes filled 
with a clear fluid (c/. Fig. 17 A and B), If this fluid comes from 
outside, we must certainly assume that an intestinal epithelium has 
already developed round the inner yolk-mass, although no such 
difierentiation has been recognised. 




Fio. 17.— Embryo and larvae of Cheli/er {tLtter Mbtschmiroff, ftrom Balfoub). J, embryo in 
the egg-integuiiient ; B and C, fanrae taken fjroin the ventral surface of the mother. a\ 
abdomen with the provisional appendages; an.iy anal invagination; c&, chelicerae ; pd, 
pedipalps ; between the last two (ch and pd) the upper lip is visible in C. Above the pedi- 
palps are seen, in A the rudiment, in B the base, and in C the last vestige of the proboscis. 
In B the rudiment of the oesopliageal ganglion can be recognised, lying dorsally to the 
proboscis. The pedip«lps are followed posteriorly by the four limbs, and, in £, by the 
rudimentary abdominal appendages. C represents the larva just undergoing ecdysis. 
The lar^'al integument is partly loosened (noticeably on the ventral side) ; the remains of the 
proboscis are attached to it. 

The later stages (Figs. 16 and 17 B) differ from the youngest 
larvae (Fig. 16 A) in external form chiefly in the swollen nature 
of the dorsal region, brought about by the presence of the clear 
fluid mentioned above. Other modifications have also taken place, 
the rudiments of the first pair of limbs having budded out behind 
the pedipalps, and these are followed by the three other pairs 
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(Fig. 17 B), On the afcdomen, which is bent ventrally, four pairs 
of limb-rudiments appear (Fig. 17 B\ which, however, soon com- 
pletely degenerate. The Psevdoscorpiones agree in this respect with 
other Arachnida. The most anterior pair of limbs is still wanting, 
but a paired thickening is found dorsally, above the base of the 
proboscis ; this has apparently arisen from an invagination, and is the 
rudiment of the supra-oesophageal ganglion (Fig. 16 jB, g). This 
recalls the cephalic pits of the Scorpiones and Araneae (pp. 12, 53). 

The larva continues to approach the adult in form, segmentation 
appearing both in the limbs and in the abdomen, but the cephalo- 
thorax remains unsegmented. The chelicerae have, in the meantime, 
appeared in front of the pedipalps. The true upper lip arises 
between them, some way from and altogether independent of the 
larval proboscis (Fig. 17 C), The proboscis degenerates, the last 
vestige of it being lost when the larva moults, at the stage depicted 
in Fig. 17 C It is then still found attached by a delicate thread 
to a point behind the future mouth, until it is cast ofif with the 
larval integument (Barrois). A large mass of yolk can still be 
seen within the body, enclosed in the enteron, which opens exter- 
nally through the proctodaeum at the posterior end of the body 
{Fig. 17 (7, an.i). The oesophagus is probably also formed by an 
ectodermal invagination (Mbtschnikoff). 

General Considerations. The ontogeny of the Pseudoscorpiones 
is remarkable on account of the embryo leaving the egg-membrane 
with a much simpler structure and at a much earlier stage than in 
other Arachnida. Further, the larvae, in their half parasitic life 
on the body of the mother, have developed a provisional sucking 
organ which at first lies in front of the first pair of limbs, but 
shifts back later, in consequence of processes of growth, on to the 
ventral surface (Figs. 16 and 17); this organ, however, cannot be 
compared to a pair of limbs. No homologue has so far been 
discovered among the Arachnida for this proboscis, which must 
therefore be regarded as an organ acquired by the Pseudoscorpiones 
through their peculiar method of development. 

The difiference between the ontogeny of the Pseudoscorpiones and that of the 
Scorpiones, to which they are perhaps most nearly related, is very striking. 
The cleavage, the formation of the blastodeim, and the first rudiment of the 
embryo in the two forms can hardly bo compared. They also differ in impor- 
tant points of their organisation. The absence of the tail-like abdomen, the 
disappearance of the abdominal ganglia (Cronebero), the position of the genital 
apertures (in the second abdominal segment), and, not least, their tracheal 
respiration, remove the Chemeiidae from the true Scorpiones so far that the 
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variatious in their method of development appear comparatively unimportant. 
Attempts have been made to connect the Paeudoscorpiones with other divisions 
of the Araehnida, especially with the Opiliones, but these have not been 
sufficiently based on the organisation of the two groups. We must therefore, 
according to a recent investigator of the anatomy of the Chenietidae 
(Cronbbbko), leave the systematic position of the Pseudoscorpiones undecided, 
since their ontogeny, so far as it is yet known, throws no light upon the subject. 

rv. Opiliones. 

The spherical eggs of the Opiliones are surrounded by two 
membranes. The inner membrane is secreted by the egg, the outer 
by the epithelium of the genital duct ; they represent the vitelline 
membrane and the chorion. The eggs, glued together so as to form 
a large ball, are deposited in a hole in the ground (Henking). The 
first ontogenetic processes have been closely studied in Opilio and 
Leiobununif by Henking, but we are unable to accept his view of 
the origin of the cleavage-nuclei through free nuclear formation, 
since it contradicts what is known of other Arthropoda.* Accord- 
ing to Faussek, the egg of Phdlwigium divides up into a number 
of large spherical cells filled with yolk-spherules, each cell contain- 
ing a central nucleus. Cleavage is therefore total. These cells might 
be compared to the yolk-pyramids in the eggs of the Araneae, but, in 
the subsequent processes, these cells in the Opiliones seem to differ 
from those structures. A cleavage-cavity does not appear. The 
formation of the blastoderm occurs by the separation and more rapid 
division of some of the peripheral cells. Not all the cells, indeed, 
not even the majority of them, rise to the surface to form the 
blastoderm, a large proportion of them remain within the egg as 
yolk-cells (Henking, Faussek). The formation of the blastoderm 
takes place more rapidly in one half of the egg than in the other, 
a condition similar to that observed in the Araneae. 

Active increase in number of the blastomeres in one region of the 
blastoderm leads to the formation of a thickening in it; this is 
the germ-disc. According to Faussek, immigration of cells into the 
yolk-mass from the disc does not take place ; the entoderm being 
possibly represented by the cells which remain in the yolk, and 
from them, at a later stage, the epithelium of the enteron arises. 

The origin of the entoderm from cells which, from the first, remain behind in 
the yolk, has been assumed for the Araneae (Schimkewitsch), but the foniia- 
tion of the germ-layers in the Opiliones has not yet been observed sufficiently 

• [Most cytologists do not believe in the existence of the process termed 
free nuclear formation ; all modern research tends to prove that every nucleus 
lias originated directly from a pre-existing one.-— Ed.] 
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closely for us to decide whether this is also the case in them. Faussek found 
in embryos in which the segmentation of the germ-band is commencing, an 
accumulation of cells at the posterior end of the band, which strongly resembles 
the point of ingrowth in the germ-band of the Scorpiones. The statements 
hitherto made as to the nature of this structure are, however, so contradictory 
that it is impossible to gain any clear idea of it Faussek derives these cells, 
which appear like a thickening of the blastoderm, from a deposit of yolk-cells 
on the blastoderm. At first he derived the genital glands from this deposit, 
».«., from yolk -cells, but he afterwards traced them to a thickening of the 
blastoderm which appeared at a very early stage. A more exact account of 
the partly contradictory statements on this subject may be expected in 
Faussek's larger work [App. to Lit. on Opiliones, Nos. III. and IV.] 

The mesoderm, so far as we can gather from the few statements 
on the subject, splits into a somatic and a splanchnic layer, so that 
in this respect also there is resemblance with the Scorpiones and the 
Araneae. 

The enteron seems to form as in the Araneae, apart from the origin 
of the entoderm, which arises diflTerently according to Faussek. The 
yolk is directly surrounded by the splanchnic layer of the mesoderm, 
and the yolk-cells now become applied to this layer, eventually 
giving rise to the continuous epithelium of the enteron. This 
process commences in the anterior part of the body. 

We have only a few isolated statements as to the further develop- 
ment of the Opiliones. Mbtsohnikofp (No. 34, p. 520) traces the 
origin of the abdominal limbs, and Balbiai^i describes a few of the 
later ontogenetic stages. It appears that the cephalo-thoracic seg- 
ments to which the four pairs of limbs belong are distinctly marked 
off from one another in the embryo, but this segmentation disappears 
during the further course of development, and is not recognisable in 
the adult. Between the eyes and the bases of the chelicerae lies an 
unpaired, spine-like structure, which, like similar structures in the 
Araneae, and especially in the Myriopoda (Chilognatha), we shall call 
the egg-tooth (p. 68, and cf. the chapter on the Myriopoda). 

The little that is known of the ontogeny of the Opiliones is in 
harmony with that of the Arachnida generally. An important 
feature which is still recognisable in the adult, seems, according to 
Balbiani, to be very marked in the embryo. This is the occurrence 
of masticatory ridges on the pedipalps and on the two anterior pairs 
of limbs. Herein we find a striking resemblance to the Scorpiones. 
The Opiliones further resemble other Arachnida in the number 
and position of the limbs, and in the presence of a coxal gland 
(MagLeod), homologous with the synonymous organ in other Arach- 
nids. Whereas, however, in other groups, this gland is merely 

D 
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provisional, and degenerates in the adult {Scorpiones, Araneae), in 
the Opiliones it is a well-developed organ, still functional in the 
adult, and consisting of a large coiled canal, a wide, sac-like reser- 
voir, and an efferent duct ; the latter opening externally at the base 
of the third ambulatory limb (Loman, No. 9).* 

V. Soliftiga6.t 

Of the ontogeny of the Soliftigae^ like that of all the Arachnida 
already considered, so far as we are aware, very little is known. The 
little that we do know is in connection with Ocdeodes araneoides, 
some of the later ontogenetic stages of which have been described 
by Cronebbrg. J 



T' 



FiQ. IS.— A, embryo, and B, newly-Iiatched young fonn of GaUodes araneoides (after Gaoite- 
berg), a, anus ; ch, chelicerae ; pcd, pedipalps ; p, limbe ; r, rostrani. 

The first embryo discovered by Cronkberg was already in an 
advanced stage, not far from hatching. In Fig. 18, -4, it is seen to 
be very like the embryo of an Araneid. As in the latter, the 
spherical abdomen, probably well filled with yolk, forms the chief 

* [Lebedinsky (App. to Lit. on Opiliones, No. V.) describes this gland in 
Phalangium qpilio as arising entirely from the mesoderm, the ectoderm only 
sharing in the formation of the external aperture. He expresses his l^elief that 
the coxal glands of Arachnids, the antennae, shell, and coxal glands of Crustacea 
and Limulus^ are all nephridia and thoroughly homodynamic, but perhaps not 
thoroughly homologous, some being derived from the primary and others from the 
secondary coelom. See also, Fausskk (App. to Lit. on Opiliones, No. IV).— Ed.] 

t [See Bernard, App. to Lit. on Solifuffae. No. I.] 

X [BiRULA (App. to Lit on Solifngae, No. IL) finds that the ova of Galeodes 
develop withm the cavities of the ovaries ; then? arc no embryonic membranes ; 
the thoracic and abdominal segments are visible before the appendages. A 
flexure-reversal occurs as in the Araneae. HunoN states that the Solifugae are 
oviparous. — Ed.] 
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part of the body. The broad and flattened cephalo-tborax seems 
closely pressed against the ventral surface of the abdomen. The 
rudiments of the limbs are seen on the cephalo-thorax ; the chelicerae 
are bent towards tlie rostrum (Fig. 18, A), the latter being approxi- 
mated to the slit-like anal aperture. 

After the embryo is hatched, the abdomen appears longer, and 
shows a few slight constrictions, which no doubt correspond to seg- 
ments (Fig. 18, B), It carries two rows of dorsal setae, six in each 
row. These are the only traces of the hairy covering which is so 
profuse in the adult. The chitinous integument of the young is thus 
only provisional. The young probably remain for some time after 
hatching in a pupa-like condition, resembling in this respect the 
Araneae (p. 58), which after leaving the egg remain quiescent 
surrounded by a cuticular envelope, which is not cast off for some 
time. This fact explains why the limbs (now bent backwards) up to 
this time show no traces of segmentation (Fig. 18, B, Cbokeberg), 
and are also devoid of claws. No abdominal limbs were found in the 
young animal, nor was their presence to be expected at so late a stage. 

A very remarkable structure, not occurring in the adult,* is a pair 
of wing-like appendages, which arise dorsally between the points of 
insertion of the first and second pairs of limbs. These outgrowths 
consist of a double layer of cells, invested with a cuticle, and thus 
represent integumental folds; no nerves or tracheae extend into 
them, and they are also devoid of muscles. 

The significance of these wing-like appendages is not understood. Cronebebo 
compares them to the paired appendages of the Asellus embryo (Vol. ii., p. 151), 
which are to be regarded as vestiges of the shell, but lays no special stress 
on this comparison, t 

The SoU/ugae are distinguished from the other Arachnida by a few 
important features, in which they seem more nearly to approach the 
Insecta. The most anterior pair of limbs with the segment to which 
it belongs enters into close relation with the preceding (cephalic) 
segments, and is marked off from the posterior (thoracic) segments, 
80 that a separate cephalic region with three pairs of limbs alrises. 
This has been compared to the head of the Insecta and the next 
region, which now consists only of three segments, each with a pair 
of limbs, to the thorax of the Insecta. The resemblance is increased 

* Cronebeug examined adults of the same species, and found that this 
structure was altogether wanting in them. 

t [It is now generally agreed that these -structures are embryonic sensory 
organs, and similar to those found in Phrynus. See Bruce (Lit. on Pedipalpi, 
26) and Laurie (App. to Lit. on Pedipalpi, No, L).— En.] 
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by the fact that the abdomen consists of ten segments visible 
externally. It is a striking fact that the Solifugae, which breathe by 
means of dendriform tracheae, possess at least three pairs of stigmata; 
the first opens on the fourth segment of the body, viz., the second 
thoracic (i.e., the first free thoracic) segment ; the second pair opens 
on the second abdominal, and the third pair, which are closely 
approximated, open on the third abdominal segment. A fourth 
opening may be present as a median stigma on the fourth abdominal 
somite.* 

We cannot agree with those who find actual relationship to the 
Insecta implied in the very striking features we have mentioned, and 
regard the SoUfugae as a connecting link between the two stocks of air- 
breathing Arthropoda. The value of a division of the anterior body 
into head and thorax, in which the three anterior pairs of limbs 
would have to be considered as the equivalents of the three pairs of 
oral limbs in the Insecta, is diminished by the fact that one pair is 
still wanting, i.e., there is in the SoUfugae no homologue for the 
antennae of the Insecta. The most difficult point to explain is the 
position of the pair of stigmata on the cephalo-thorax ; we can only 
assume that it was acquired later. The assumption gains in proba- 
bility when we find that stigmata appear on the cephalo-thorax in 
the Acarina also, on the legs in Opiliones (Hansen), and on the head 
in Scolapendrella and Sminthuinis {?). The presence of a spiral 
filament in the tracheae of the SoUfugae is no proof of their 
relationship to the Insecta, since it occurs also in other Arachnids. 

In spite of the external division of the body into three parts, the 
SoUfugae agree so closely with the Arachnida in outer and inner 
organisation, that we are not justified in separating them from that 
class. The shape of the chelicerae, the possession of a coxal gland, 
like that which is found in the Arachnida (MacLeod, No. 44), the 
hepatic tubules derived from the enteron,t the position of the genital 
aperture on the first abdominal segment, and other less striking 
features favour the Arachnid character of the SoUfugae. We there- 
fore regard them as a branch of the Arachnid stock developed in 
a special direction, a view which corresponds to that of Ray 
Lankester (No. 45) and other writers on this subject. The slight 

* [Bernard, op, eit.] 

t With regard to the liver, it should be mentioned that a more recent 
observer (Bikula, No. 42) has found certain differences in structure between 
this organ in the SoUfugae and tlie Arachnida in general. He also, however, 
describes the liver as a well-develojied organ filling up the interstices between 
the other organs, a description which applies to the liver of an Aro/chnid, but 
not to that of an Insect. 
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data that are afforded by ontogeny confirm our view, the embryo of 
GcUeodes closely resembling an Araneid embryo. More accurate 
data as to the development of the Solifugae are very desirable. 

Systematic: VL Aianeae* 

A. Tetrapneumones. 

Avicularia {Mygale\ Atypus. 

B. DiPNEUMONES. 

Epetra, Theridium^ Agalenc^ Lycosa^ and all the other 
Araneae mentioned. 

(hriposition and the Constitntion of the Esg. The Araneae 
build nests or prepare cocoons for their eggs, and usually watch over 
them. In many cases the cocoons are carried about by the mother, 
held by the chelicerae (e.^., DolomedeSy Pisaura) or attached to the 
abdomen (e.^., Lycosa, Tarantula). 

The eggs, which are rich in yolk, are surrounded by a vitelline 
membrane as well as by an external envelope, probably secreted by 
the oviduct, the latter being described as the chorion. A thin 
protoplasmic layer (the periplasm or blastem) covers the yolk, which 
in turn surrounds a central mass of protoplasm (the centroplasm), 
within which the nucleus is situated; from this central mass fine 
protoplasmic strands extend to the surface, thus breaking up the 
yolk into columns. 

Besides the nucleus, a remarkable structure is found in the eggs of 
Araneae, and called the yolk-nucleus, but this is not yet sufiiciently 
understood. It consists of a compact accumulation of spherules; 
occasionally it is quite a complicated structure, composed of several 
concentric layers. When the egg matures the yolk-nucleus usually 
disappears, but it appears sometimes to be still retained, and is said 
to be still found near the nucleus in one of the yolk -complexes 
in the two- and four-celled stages of cleavage (Kishinouye). 

According to Ludwio (No. 66), the external envelope is marked out into 
polygonal areas, but this has recently been referred to the breaking up of the 
periplasm into polygonal divisions, Sabatier (Ko. 70) and Locy (No. 64), 
these writers thus agreeing with older statements made by Balbiaki (No. 46). 
This polygonal marking must not be confounded ^ith blastodei*m-formation 
(which only occurs later) ; the former is said to appear even before cleavage 

• [PococK divides the Araneae into two groups — 

A. Mesothelae, comprising one genus, viz., LiphistiuSf with a segmented 
abdomen. 



B. Op«.thothelae{KrZfta\-E..] 
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takes place. LocY, with whom Kishinouye agrees in the niaiu, explains these 
markings by contractions of the egg after it is laid, drawing the periplasm 
closer to the yolk. The columns of yolk-granules can be separately recognised 
at the periphery as prominences, and this causes the polygonal markings on the 
surface. Some of Balbiani's numerous figures that bear on this point seem to 
confirm this view, while others contradict it. In these figures, besides the 
original division of the periplasm into areas, another and true division is sho>vn, 
caused by the presence of blastoderm cells. Since the egg is said to contract, 
there might be a i*egular folding of the vitelline membrane (in the form of 
polygonal areas), such as is said to occur in Cctochilus (Grobbbn), but this 
possibility seems to be excluded, as Locy mentions a perivitelline fluid which 
appears when the egg contracts, between its surface and the vitelline membrane. 

1. Cleayage and Formation of Gtorm-Layers. 

Cleavage may here at first be described as total, but passes later 
into a superficial form. The central nucleus divides, the two 
daughter nuclei still lying near the centre of the egg (Fig. 21 ^). 



Fig. 19.— Three ontogenetic stages of PhUodromv.a limliotvt (after H. Ludwio, from 
Balfour's Text-book), 

Although there is no furrow dividing the egg into two, a complete 
division is indicated, at first, however, only in the yolk. The yolk- 
granules become arranged radially one behind another in the form of 
cylindrical columns (Ludwig, Figs. 19 and 21-4). These columns, 
radiating from the centre, become divided into two groups by the 
division of the nucleus into two (Fig. 19 B). Between them lies 
formative yolk. As nuclear division proceeds, the two groups of 
columns, which Ludwig described as rosettes, again divide, and yield 
four rosettes (Fig. 19 C), which then divide further into eight, 
sixteen, and thirty-two rosettes, following the usual course of total 
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and equal cleavage. Each rosette, which has now become a simple 
column, has a nucleus. In the further course of cleavage (Fig. 20 A) 
the nuclei shift to the periphery, accompanied by the formative 
protoplasm belonging to them. These, together with the periplasm 
already present, separate from the yolk to form a peripheral layer, 
which now contains the nuclei, and must thus be described as the 
blastoderm (Fig. 20 B, hi). The yolk-columns, or rather pyramids, 
may still be present at this time. Even earlier a cavity appears at 
the centre, the cleavage-cavity (Fig. 20, 5), the central yolk-mass 
being withdrawn into the blastomeres as they develop, and pressing 
further towards the periphery. 

The yolk-rosettes do not seem, as a rule, to be so distinct as 
LuDWiG found them in Philodromns, Yolk-pyramids have also been 
seeniuil^aZena, 

Theridium^ j^ B 

Epeira^ Phol- 
cits, and other 
forms, but the 
groups formed 
by them (the 
rosettes of Phi- 
lodromtLs) lie 
closer to one 

.V tj^' Fio. 20.— Superficial aspect and optical section of a later stage in the 

anoiner V-^^lg* cleavage of Philodromus limhatus (after Lodwio, tronx Balfour's 

21 ^). A Staxie TaA-book). W, blastoderm ; yfc, yolk- pyramids. In the space bctweeti 

v • 1- J.I. ^^^ vitelline membrane and the blastoderm the perivitelline fluid is 

in which there found (J5). 
are eight such 

groups closely resembles an egg that has undergone total and equal 
cleavage, and that has a small cleavage-cavity (Fig. 21 B), Each 
group of yolk-columns with its nucleus corresponds to a blastomere. 
The blastomeres here also divide further, as in a case of equal 
cleavage, and when, after repeated division, a large number of 
blastomeres (about 128) have been formed, the nuclei, which have 
meantime shifted to the periphery, with their protoplasm, separate 
from the yolk below them, and thus give rise to the blastoderm 
(Fig. 21 C and D), The cleavage -cavity, which may be fairly 
large (Figs. 20 B and 21 (7), becomes again filled with yolk, and 
the regular arrangement of the latter is gradually lost (Fig. 21 
D and J5). The formation of the blastoderm seems to take place 
more rapidly in the one half of the egg than in the other (Fig. 21 E), 
(Salenskt, Ludwig, Locy, Morin, Schimkewitsch). The former is 
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the region in which the germ-band appears later, and may possibly 
correspond with the germ-disc from which the blastoderm spreads in 
Seo7*pto, 

The method of cleavage of the Araneid egg agrees closely with that of 
Cmstacean eggs classed under type II. (VoL iL, p. 109). If, as appears probable 
to us, a cleavage-cavity does not occur in all Araneid eggs, the centre in some 
cases remaining filled with an unsegmented mass of yolk, these latter cases, 
would probably be referable to that type which was described, in connection 
with the Crustacea, as total cleavage with subsequent transition to superficial 
cleavage. 

A. B. c. 






Fio. 21.— Sections through the egg of Theridium maculatum in different stages of cleavage and 
blastoderm-fonnation (after Mown). W, blastoderm; d, yolk ; dp, yolk-pyramids ; dz, yolk- 
cells ; fh, cleavage-cavity ; p, periplasm. 

[The blastomeres are, for the most part, flattened (Fig. 21 E)j but 
at one spot the cells become spherical and multiply rapidly, conse- 
quently a large accumulation of blastoderm-cells, several deep, forms 
at this spot. By reflected light this spot appears as a round whitish 
area. Shortly after this a second thickening, and consequently a 
sec^a white area, appears. These two thickenings herald the 
formation of the germ-disc] 
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There is little agreement among authors concerning the onto- 
genetic processes which follow the formation of the blastoderm, 
some ascribing great significance to the prominence, called by 
Clapar^de the pHmitive cumvlvs, which appears in the blastoderm 
by the thickening of the cell-layer * (Figs. 22 B and 23 A and B\ 
others denying its importance. According to Morin, a thickening 
of the blastoderm arises in the region which corresponds to the later 
ventral surface, i.e., to the rudiment of the germ-band (Fig. 2\ F)-, 
not only do the cells here increase in size, but some of them 
separate from the blastoderm, and form definite layers ; the blasto- 
derm thus becomes multi laminar. At the same time a few cells 

a. <5B. 



. ot. 



-*" e. 

Fio. S2.— Sections through the egg of Pholcus phalangioides during the formation of the germ- 
layers (after Morin). e.p. primitive cumulus ; d, yolk ; dz, yolk-cells ; e, point of ingrowth. 

in this region become entirely disconnected from the rest, and 
migrate into the yolk (Fig. 21 ^, dz). The three germ-layers may 
be now recognised. An outer layer, which constitutes the greater 
part of the blastoderm, is the ectoderm. Below this, at one pole 
of the egg, is the mesoderm, while the cells which have migrated 
into the yolk represent the entoderm. In the Araneids observed 
by Morin, the primitive cumulus arose only after the germ-layers 
had formed, if indeed it arose at all. It was wanting in Therulium, 
the form in which the origin of the germ-layers has been just 

♦ [Unfortunately there is a good deal of confusion surrounding the tenu 
"primitive cumulus." As stated above, there are two thickened white areas 
in the blastodenn ; and according to Kishinouye, CLAPARfeDE overlooked the 
first of these, and applied the term " primitive cumuhis " to the second. The 
former author teniis them the primary and secondary thickenings but 
KiNOSLEY, while agreeing that Kishinouye may be right, nevertheless retains 
CLAPARfeDE*s term "primitive cumulus" for the first thickening. — Ed.] 
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described. It is, however, not impossible that those cases in which 
it is wanting are not primitive, but are specialised, and that it really 
is of greater importance than its late appearance in Pholcus and 
its entire absence in Tkeridium would lead us to believe. This 
last view is confirmed by the recently-published work of Kibhinouyk 
(p. 44). 

The primitive cumulus * arises as a thickening of the blastoderm 
(Fig. 22 B)y and may project from it as a prominence of considerable 
size {e,g,y in Tegenaria and AgcUena, Fig. 23, A and B^ p. 46). It 
has been found in most of the Araneae as yet examined. A depression 
is said to appear in front of it (Salbnskt, No. 71, Schimkbwitscb, 
No. 72). • We are tempted to regard the latter as the blastopore, at 
the posterior edge of which the ingrowth of cells is specially active, 
as in the Scorpiones (p. 2). Some of the statements as to the 
relation of the primitive cumulus to the germ-layers in the process 
of formation (e.g., those of Bruce, No. 54, and Lendl, No. 63) 
must evidently be understood in this way. 

If we consider the primitive cumulus to lie at the posterior end of the embryo, 
ATe lind ourselves in the position which was taken up by Balfour (No. 47). 
Although, since the time of this writer, tlie ontogeny of the Araneae has been 
investigated by several zoologists, very little further light has been thrown on 
this point. According to the above view, the primitive cumulus corresponded 
more or less to the future caudal end, the depression lying in front of it, and the 
cephalic lobes again in front of this (Balfour, Schimkewitsch, Lendl) ; 
according to another view, the caudal end arises at some distance from the 
primitive cumulus, the cephalic lobes lying nearer it (Balbiani, Locy). In 
inclining rather to the view that the primitive cumulus corresponds to the 
liosterior end of the embryo, we are actuated cliiefly by theoretical considera- 
tions. The figures given by MoRiN and Schimkewitsch seem also to support 
such a conclusion. It is, however, true that there is little convincing evidence 
for our assumption that the mesoderm arises from the primitive cumulus. There 
is, indeed, evidence of active proliferation of cells in the primitive cumulus, but 
in front of it also (in the region of the future germ-band) the blastoderm appears 
to be multilaminar (Fig. 22 £). It has already been mentioned that Morin 
entirely denies this significance of the cumulus. According to him, when sucli 
a prominence ap})ears, it arises only after the development of the germ-layers. 
It cannot, however, be denied that Morin himself represents it as of considerable 
size (Fig. 22 B). It decreases later by giving off isolated mesodenn cells, and, 
by degrees, shifts doi-sally. This displacement is also evident in CLAPAUkDE's 
figures, if indeed the prominence seen in them actually corresponds to the 
primitive cumulus (Fig. 25 A and B, p. 48). That the blastopore, or the last 

* [The authors here use this term in the sense in which it was originally 
applied by Clapar^de, i.e., they apply it to the thickening which fonns a 
projection from the surface of the blastoclerm, which Kishinouye termed the 
secondary thickening. Kingsley, on the other hand, terms the primary 
thickening in Limulus the primitive cumulus. — Ed.] 
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traces of it, should occupy such a position is from previous evidence improbable, 
unless we may assume that the proliferating area shifted as the posterior end 
developed, and thus attained a position which is apparently dorsal. Further 
discussion of this point is unadvisable, as a glance at the figures of CLAPARt:DR, 
Balbiani, Salensky, Balfour, Sohimkewitsch, Locy, and Morin shows 
that they cannot be brought into agreement with one another. It is evident 
that the difficulty which attends investigation of this point is the cause of our 
uncertainty with regard to it. Orientation in the almost spherical egg is 
rendered still more difficult by the appearance of the different parts of the 
embryo (cephalic lobes and caudal end) simiiltaneously with the degeneration of 
the primitive cumulus. On this account one of the more recent investigators of 
the ontogeny of the Araneae, Kishinouye, was unable satisfactorily to decide 
the position of the primitive cumulus in the embryo. We must, for the present, 
accept with some hesitation the view that the depression which ap{)ears in the 
blastoderm of the Araneae and the primitive cumulus corresponds to gastrula- 
tion, although such an interpretation appears very probable, especially when 
comparison is made with the Scorpiones. 

This subject is not exhausted with the question as to whether the germ-layers 
originate in a region corresponding to the later ventral surface, in which the 
primitive cumulus represents an area of active cell -proliferation (perhaps a 
point of ingrowth), for there exists a different interpretation of the origin of 
the germ-layer. According to the view given above, it is to be assumed that 
the cleavage-cells shift to the periphery to form the blastoderm, and that the 
germ-layers originate there by an ingrowth of cells (Figs. 21, F, and 22, A and 
B). While the mesoderm remains as a compact accumulation on the ventral 
side, the cells of the entoderm become detached from it and shift into the yolk ; 
from these the enteron forms later. The origin and the fate of these yolk-cells 
is otherwise described by Balfour, Schimkewitsch, Locy (?). The most 
important point in these diverging views is the assumption that some of the 
cleavage-cells remain in the yolk. These cells, which are not utilised in the 
formation of the blastoderm, do not represent the entoderm alone, but some of 
them give lise to mesoderm-elements (Balfour, Schimkbwitsch). 

According to Schimkbwitsch, cleavage and the formation of the blastoderm 
take place in such a way tliat the egg breaks up into a large number of yolk- 
pyramids in the manner already described. Each of these pyramids contains a 
nucleus which at first lies at the centre. The nuclei shift to the periphery later, 
and there, with the protoplasm which surrounds them, become separated from 
the yolk. An outer cell-layer, the blastoderm, is thus formed. It appears, 
however, as if a further division of the nuclei had taken place previously, an<l a 
large number of nuclei had remained vnlhin tM yolk ; at least, this is what we 
understand from Schimkewitsch's description of the cleavage-process.* During 
the development of the blastodenn there is a further increase in the number 
of the nuclei which remained within the yolk. Before following its further 
fate, we must mention a process which was observed by Schimkewitsch in 
Araneid eggs, and had been previously noticed by Salensky. The blastoderm - 
cells which at first surround the egg, shift towards the ventral side, and there 

* The statements of Schimkewitsch as to the breaking up of the yolk- 
pyramids and the formation of uninuclear and multinuclear yolk-cells do not come 
within our scope, and also require corroboration. As a whole, his figures agree 
with the descriptions of earlier writers. Schimkewitsch also found the central 
cleavage-cavity in a few forms ( Tegenariaj Epeira), and describes it as filled with 
masses of yolk, in the way described for Theridium (Fig. 21, C and D). 
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form a thickening which, together >vith the later proliferation of cells at this 
spot, yields the nidinient of the germ-band. Morin'b account also, as far as 
wo can follow it, seems to confirm this, and the figures adopted from him (Fig. 
21 D-F) show that an accumulation of blastoderm -cells at first lies on the 
dorsal side of the egg, while at a later stage only a few cells are perceptible in 
this region. Accoitiing to Schimkewitsch, the dorsal side of the egg becomes 
completely denuded of blastoderm, which only later grows out towards it again. 
We were at first disposed to attribute the absence of blastoderm on the dorsal 
side rather to a belated advance of the nuclei out of the yolk, especially as 
authors state that the formation of the blastoderm progresses from the ventral 
to the dorsal side. There seemed here to be a distant resemblance to the 
cleavage and the formation of the blastoderm as observed in the eggs of Scorpio, 
Further investigation is needed to show whether this conjecture is correct, or 
whether such a marked redistribution of the blastoderm-celfs as is shown in 
the figures actually takes place. A similar crowding together of the blasto- 
derm-cells, though not nearly to such a gicat extent, has also been observed in 
other Arthropoda {AsUuus, ef. Vol. ii., p. 128). 

Accoi*ding to Schimkewitsch, who on this point is essentially in accord 
with Balfouh, the yolk-cells take part to no inconsiderable extent in the 
formation of the mesoderm, although the chief mass of them is to be described 
as entodemiic Schimkewitsch, like Balfour, assumes a two-fold origin for 
tiie mesoderm, inasnmch as it is foi*med from the thickening of the ventrally 
situated blastoderm, especially fix>m the primitive cumulus, and also by the 
addition of yolk-cells to this thickened region. Certain modifications here 
appear in individual forms {Tegeiiaria^ Epeira^ Lycosa); upon these, however, 
wc shall not enter, as wo are unable to agree with this view. Of the two 
opposed views, the one assuming the existence of yolk-cells giving origin to 
the entoderm and the mesoderm to some extent, the other deriving both the 
entoderm and the mesoderm from the blastoderm by a process comparable to 
gastrulation, the latter appears to us to be by far the more justifiable. This 
view is confirmed by Kishinouye's recent work (No. 62). This observer found 
no nuclei in the yolk after the formation of the blastoderm, but observed cells 
migrating into the yolk from the blastodermic thickening (Figs. 21 and 22). 
These cells, which become distributed through the yolk, form the entoderm. 
Further thickening of the ventral region of the blastoderm gives rise to the 
mesoderm, as was described above (p. 41). The ventral blastodermic thickening 
known to us as the primitive cumulus is in any case of significance in connection 
with the formation of these two germ-layers, for it, like the ventral plate (to 
be described later), appears before the diflerentiation of the germ -layers 
(Kishinouye), and not after it, as Morin assumed (p. 41). 

When we trace back the formation of the germ-laijera to the 
blastoderm, we thereby imply that the yolk-cells also arise from 
the blastoderm. These latter, according to the unanimous opinion 
of authors, contain, in the Araneae, the rudiments of the whole 
entoderm, giving rise later to the epithelium of the enteron. If 
these cells were to remain in the yolk when cleavage takes place, 
the process of blastoderm-formation would have to be regarded as 
epibolic, but this is contradicted by what occurs in related forms. 
The germ-layers are moreover formed in the Scorpiones also by the 



Digitized by 



Google 



DEVELOPMENT OF THE EXTERNAL FORM OF THE BODY. 45 

ingrowth of cells on the ventral side of the blastoderm, and the 
entoderm, when first appearing, occupies this position in both these 
divisions of the Arachnida. In the Scorpiones, it forms a regular 
epithelium, so that it cannot fail to be recognised as a separate 
germ-layer, but here also isolated cells enter the yolk. All these 
facts confirm us in regarding the view of the formation of the 
germ-layers adopted by Morin and Kishinouye (Fig. 21 J?*) as 
correct. It cannot, however, be denied that the figures given by 
ScHiMKEWiTSCH, and especially those given by Balfour, show yolk- 
cells in earlier stages and further removed from the thickened part 
of the blastoderm, which might rather be assumed to have remained 
behind in the yolk at the time of cleavage, than to have become 
detached from the thickened part of the blastoderm. If this should 
be the case, the view here taken is not thereby contradicted; we 
have then to do merely with single cells which were not utilised 
in the formation of the blastoderm, and remained behind in the 
yolk. These cells, as vitellqphags, perhaps render the absorption 
of the yolk possible. In that case we must assume that they do 
not later enter into the formation of the entoderm, but probably 
disintegrate during the gradual disappearance of the yolk, as is the 
case with corresponding (yolk) cells in the Insecta. 

2. Development of the External Form of the Body. 

The development of the external form of the body has been 
repeatedly investigated more or less thoroughly in the cases of 
A galena, Clubiona, Epeira, Uieridium, Lycosa, and Pholctis, and 
has been found to follow a very uniform course. In spite of this 
fact, and although a large number of zoologists, among whom we may 
mention Herold, ClaparIide, Salensky, Balfour, Schimkewitsch, 
LocY, and Kishinouye, have investigated the subject, some points, 
especially in the earlier ontogenetic stages, still remain obscure. 
The chief difficulty is connected with the early rudiment of the 
embryo and the first appearance of segmentation. 

At a time when the blastoderm is either approaching completion 
or is fully developed, there appears (probably on the later ventral 
side) the prominence known to us as the primitive cumulus, the sig- 
nificance of which has already been discussed (p. 41, etc.) From this 
there extends forwards a band which is distinguished by its white 
colour from the rest of the egg, and is caused by a marked thickening 
of the blastoderm (Fig. 23 A, Clapar£:de, Balfour). Herold 
mentions a comet-like structure which arises at an early stage on 
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the surface of the Araneid egg, this comparison being apparently 
suggested by the band just described, together with the primitive 
cumulus (Fig. 23). The band soon widens at the end furthest from 
the primitive cumulus, and it becomes still broader as the thickening 
of the blastoderm extends out laterally from this region. 

Such a lateral extension of the blastodermic thickening, starting 
from the band, implies that we regard the band itself, as well as the 
primitive cumulus, as thickenings of the blastoderm, which have 
arisen by active increase of cells at these points. According to 
Salensky, a depression appears in front of the primitive cumulus; 
this soon closes again, and is regarded by him as the blastopore. 
We are disposed to attribute the same significance to that thickening 
of the blastoderm which was mentioned above in the description of 
the formation of the germ-layers. We thus assume that the primitive 



Fio. 23.— Superficial aspect of three early stages in the development of an Araneid, showing 
the embryonic rudiment (^ and i}, Agalena labvrinthicaf after Balfour ; C. Theridium^ 
after Morin). c.pr, primitive cumulus ; h, posterior ; v, anterior. 

cumulus lies at the future posterior end, and that the band runs 
out from it anteriorly. Its position therefore indicates the ventral 
surface. The latter is clearly recognisable as such at a somewhat 
later stage, the blastodermic thickening extending further, and 
finally becoming evident on the surface of the egg as a region shaped 
somewhat like an isosceles triangle (Fig. 23 C). The basal part of 
this triangle seems to appear first (Fig. 23 J5), and then by degrees 
the parts nearer the apex. The base of the triangle corresponds to 
the rudiment of the cephalic lobes, the point to the posterior end 
of the embryo. According to this account, the primitive cumulus 
would occupy the apex of the triangle, and must be looked for in 
the posterior region (Fig. 23 B)^ and the band which developed at 
first and proceeded from the primitive cumulus (Fig. 23-4) would 
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then indicate the longitudinal axis of the embryo. The whole of 
the triangle thus represents the germ-band or the so-called ventral 
plate. 

Embryonic envelopes, such as are found in the Scorpiones (p. 4), are wanting 
in the Araneae. The amniotic fold described by Bruce on the head of the 
Araneid embryo must without doubt be referred to the infolding which takes 
place during the formation of 
the brain. The formation of 
cuticular larval integuments 
will be again referred to later 
(p. 68). 

At about the time when the 
nidiment of the germ -band 
(the so-called ventral plate) 

first appears (Fig. 23 A-C), kL 

the egg is said to be flattened 
on this side, bat at a slightly 
later stage the ventral surface 
of the embryo appears much 
arched (Figs. 24 and 25 A), 
either because this surface has 
become secondarily convex, or 

because this special region has j.,„ 24.-Young embryo of Clnbiona inc<mpta show- 
not been affected. In Pfwlcus ing the commencement of segmentation of the 
it appears to be the dorsal part germ-band (after Salknsky). U^ ceplialic lobe; 
that is flattened (Fig. 25 A and ^y caudal lobe; between these are a few segments 

B\ and CLAPARfcDE mentions |^ ^^^^^ ^J '?""*°s- ^^V*"*'' ?f ! ''"*"*'** 
" . the region of the germ-band are said to repre- 

that m this way the anterior gent blastoderm-cells which are here less crowded 

and posterior ends are approxi- (SalensktX 

mated. 

The segmentation of the germ-band begins with the appearance of 
a few transverse furrows which mark off a large anterior and a 
posterior region, as well as several intermediate segments (Fig. 24). 
These segments at first appear very indistinct, the parts of the body 
to which they correspond being doubtful In the youngest segmented 
stage, three segments were found besides the large anterior and 
posterior regions (Fig. 24, Salensky, Balfour, Locy, Lkndl). 
These seem to correspond to the first three thoracic segments. 

Accoi-ding to Locy, we must, however, assume that the three middle segments 
represent the second, third, and fourth thoracic segments. He believes that the 
segments develop in the following order ; fourth, thii'd, second, first thoracic 
segments, then that bearing the pedipalps, and last of all that carrying the 
chelicerae. The differentiation of the segments would thus take place from 
behind forward, an exact reversal of the order usually met with in segmented 
animals. There is a general resemblance between this view and that adopted by 
Metschnikoff for the Scorpiones, according to which the embryos at first 
break up into three regions, the anterior corresponding to the cephalic region. 
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the posterior to the telson, with the as yet undifferentiated segments of the 
post-abdomen, and the middle part giving, lise to the other segments of the 
body (p. 6). 

It is well to bear in mind how extremely difficult it is to orient the regions of 
the body in these early stages of the Araneid embryo {cf. Figs. 23-25). This 
difficulty throws some doubt upon tlie con-ectness of the identification of the 
body-segments, given above on Salensky's authority, and consequently the 
whole order of formation of the thoracic somites may be at fault. 



Fio. 25.— Embryos showing varying degrees of segmentation, but not yet provided vritli 
limbs. A and J3, Pholcut opilionoidea; C, Clubiona (after CLAPARkbc). A and £, lateral 
aspects ; C, ventral aspect, cfc, cheliceral leginent ; c./w, primitive cumolas (?) ; efc, egg- 
integument; fc, posterior, A-Z, cephalic lobes; jvrf, pedipalpal segment; /-/F, thoracic 
segments ; 1, flrtt abdominal segment ; sZ, caudal lobe ; r, anterior. 

The segments of the pedipalps and chelicerae are said by almost 
all authors to appear later than the four thoracic segments. Just as 
the posterior region of the embryo contains in itself a number of 
segments, so also does the anterior lobe comprise, besides the cephalic 
part, the segments of the chelicerae and the pedipalps. A regular 
separation of segments from before backward, therefore, does not 
take place. At the stage in which there are six segments interposed 
between the cephalic and caudal lobes (Fig. 25 A and B) the four 
posterior segments are much better developed and more distinctly 
marked off than the two anterior segments. Balfour, Schimkk- 
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wiTSCH, and Locy give figures of this stage in Agalenc^ in which the 
<;heliceTal segment is still united to the cephalic lohe, or is in the act 
of separating from it. We are unfortunately not able, from this 
description, to decide the order in which the thoracic segments 
become differentiated, but it seems as if the most posterior segment 
(the fourth) arose after the others. The abdominal segments 
separate from the caudal lobe in the usual order, i.e., from before 
backward. 

As the germ-band segments, it extends further over the egg; 
and not only do its anterior and posterior ends grow towards the 
dorsal side, but it extends laterally, and may thus, in a few forms 
{e,g, PholctLs), cover the greater part of the surface of the egg (Fig. 
25 A), Seen from the ventral surface, the germ-band now appears 
broken up into segments, which extend transversely across the whole 
surface of the egg (Fig. 25 C). The segments appear somewhat 
narrow and as if separated by broad transverse furrows. The egg 
therefore somewhat resembles the dorsal surface of a rolled -up 
Isopod. This condition, however, is not long retained, a lateral 
contraction of the germ-band taking place which causes it to draw 
back again on to the ventral surface (Fig. 25 B), and to lie there in 
the form of a segmented band. The cephalic and caudal lobes 
retain their positions unchanged during this process, and, owing to 
the dorsal extension of the anterior and posterior extremities of the 
germ-band, they appear closely approximated (Fig. 25 B), In those 
forms in which the germ-band does not extend so far over the egg in 
-early stages (e.g, Agalena), the cephalic and caudal ends only 
approach one another on the dorsal surface at a later period. 

The shape of the germ-band becomes modified, the cephalic 
portion widening and assuming a bilateral, bilobed form ; the abdom- 
inal segments, further, become separated from the caudal lobe, which 
has al6o widened. There may be as many as twelve abdominal 
segments besides the telson (e.g., Pholcus, Schimkewitsch). The 
abdomen is thus richly segmented in the Araneid embryo, in direct 
opposition to its condition in the adult. The complete segmentation 
of the abdomen does not take place till the later stages, other im- 
portant modifications in the germ-band preceding it. The first of 
these to be noted is the appearance of a longitudinal furrow in the 
ventral middle line (Fig. 28 A), which is caused by the division of 
the mesoderm lying on the ventral surface into two bands, these 
subsequently shifting to a more lateral position. The germ-band 
is in this way divided into two symmetrical halves (Figs. 28 A and 
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B, and 26), which may lie so far apart that the yolk protrudes 
between them {e,g,, Agalena, Balpoub, Fig. 29, p. 63). Anteriorly, 
in the cephalic lobes and also at the caudal end, the two halves of 
the germ-bands remain united (Figs. 28 A and B, 26). 

Long before the germ -band has divided to such an extent, 

the rudiments of the limbs 

have appeared, the first to be 

y seen being those of the four 

j_ pairs of ambulatory limbs, as 

slight prominences a little re- 
moved from the median groove 
(Fig. 28 A, 3^), These are 
followed by the rudiments of 
the pedipalps (2\ and, a little 
later by those of the cheli- 
cerae (i). The rudiments of 
limbs arise in the same way 
on the first four abdominal 
segments (Figs. 28 A^ a, 27), 
so that the abdomen of the 
embryo is not only much more 
fully serpnented than that of 
the adult, but even has limbs 
on some of its segments. In 
this respect the Araneae re- 
semble the Scorpiones, which 
also have limbs on the ante- 
rior abdominal segments (p. 8). Further similarity is found in the 
fact that, in the former, the posterior part of the abdomen may be 
flexed forward ventrally like the post-abdomen of the Scorpion 
embryo. This is the case in Pholcus, as was pointed out by 
Clapar^ide, and confirmed by Emerton, Schimkbwitsch, and 

MORIN. 

It is almost universally admitted that the first four abdominal 
segments carry provisional appendages (Balfour, Locy, etc.). Even 
Morin's researches, carried out by the help of the latest methods, 
yielded the same result, although Salensky had mentioned a first 
limbless segment, and Schimkbwitsch had accepted this view. The 
statements of these two authors are supported by the notes and 
figures of Bruce, published after his death (No. 54). We were able 
easily to convince ourselves, by examination of an Araneid embryo 
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Fio. 2(5.— Embryo of Pholcus opllionoid^Sf ideally 
unrolled (after Clapar&dk). ch, chelicerae; 
d, yolk; kl, cephalic lobes; ped, i)edipalp8; 
Pi-P4t first four pairs of limbs ; IS, first three 
abdominal leginents; pab, the posterior part 
of the abdomen flexed ventrally. 
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(spl), of the presence of a first abdominal segment (Fig. 27, i), which 
is quite as distinct as the following segments, and shows indications 
of a pair of abdominal ^ 

limbs.* In AgaLena also, 
which has been repeatedly 
examined, this segment 
is found, and the em- 
bryo, at a stage nearly •^ jA. 
corresponding to that il- ^ 

lustrated in Fig. 27, ^^ -. 

shows indications of the j 
rudiments of a pair of 
limbs. These rudiments 
are but slightly developed 
in Agalena (less so than 
in Fig. 27), and soon ^^^' 

, . , J. . Fio. 27.— Embryo of an Araneid (spj) showing the 

completely disappear. A donal cm-vature of the germ-band and the rudi- 

similar condition of this menta of the abdominal lirabe (originalX ch, 

C--4. vj • 1 i. chellcerae; d, yolk; W, cephalic lobe; ped. pedi- 

first abdommal segment p^^p^. ^^.^J ^„,i,n\au>ry limbs; 1-7, aWoiSai 

is found in other Araneids segments, the provisional limbs being visible on 

(KORSCHBLT). ^^ ""* ^''^ ' "' "^"^^ ^^^• 

The first abdominal appendage is followed by others, varying in 
number from two to five, but usually by four, similar to those already 
described, and, finally, a much less distinct appendage seemed to be 
recognisable on the sixth segment in the form illustrated in Fig. 27. 
We should not have laid any stress upon this, as the sixth appendage 
was not sufficiently distinct, had it not been evident from CLAPARi:DE'8 
and Emerton's figures that in other Araneids {Cluhiona and Phdcus) 
the sixth provisional pair of limbs is quite distinct. The appearance 
of six pairs of abdominal limbs is of importance in establishing great 
similarity between the Araneae and the Scorpiones. This similarity 
is specially seen in the further fate of the provisional limbs (p. 57). 

The first abdominal segment seems, in many species, to undergo degeneration 
early. Nothing can be seen of it either in Balfoue*s figures of Agalena (Fig. 
28 A and E) or in the figures of LocY, who examined another species of the same 
genus. In other figures by the latter author, however, the presence of this 
s^pnent in the same species can be gathered with some certainty (Fig. 30 A), 
By other authors, the first segment which is provided with limbs, i.e., the true 
second segment, has been considered as the first. 

• Two recent investigatora of the ontogeny of the Araneae, Jaworowski 
(No. 6) and Kishinotjte (No. 62), also state that in front of the segment which 
carries the first large pair of abdominal liml)s, and which was usually taken for 
the first, another segment lies. These authors, however, did not find limbs on 
this segment. That such limbs may be present is shown by the above descrip- 
tion and figure. \Cf, Brauer on Scorpiones, No. II.] 
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52 ARACHNIDA. 

The next modifications which take place can best be seen in the 
unrolled germ-band of an Agalena (Fig. 28 A), The most striking 
of these is the appearance of segmentation in the cephalo-thoracic 
limbs. From the basal joint of the pedipalp, a longitudinal furrow 
cuts off an anterior portion, which forms the masticatory blade, 
while the remaining much longer and jointed portion represents 
the palp (Schimkbwitsch). The chelicerae remain for the time little 
modified, but they also soon become jointed. In front of them a 
new structure has appeared, the stomodaeum (st). Between the 
cephalic lobes, and towards their posterior edge, a depression appears ; 



Fio. 28.— VtriouB stages of the embryo of AgdUna lahyrinthica (after Balfour, from Lang's 
Texi-hook). A and B, ideally unrolled. Between 6 and a the fairly wide true first abdominal 
segment must be inserted, a, abdominal appendages ; an, spinning mammillae ; kl, cephalic 
lobe (In B, with the semicircular groove ; between the two halves of the cephalic lobe is 
the mouth, surrounded by the upper and the lower lipa) ; «^ stomodaeum ; 1, chelicerae ; 
S, pedipalpa ; S-6, limbs. 

this at first is a pit, later a sac opening outwardly (Fig. 33, m and vd\ 
and represents the stomodaeum. Near the mouth two paired structures 
appear (Schimkbwitsch) ; two small prominences, which lie anteriorly 
near the oral aperture, and no doubt correspond to Cronbbbrg's 
antennae (p. Ill), unite immediately in front of the mouth to form 
the unpaired lip or rostrum. Two similar prominences are said to 
lie posteriorly to the oral aperture, and, fusing together, to yield a 
kind of lower lip. These two, the powerful upper lip and the 
slighter lower lip, the first forming an anterior and the second 
a posterior semicircle, enclose between them the oral aperture 
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(Fig. 28). The characteristics of this stage are completed by 
the appearance of a semicircular furrow on each of the cephalic 
lobes (Fig. 28 B); this, as in the Scorpiones, is connected with 
the formation of the brain and of the eyes. 

Up to this time the embryo shows a marked dorsal curvature, 
the continuous elongation of the germ-band causing the latter to 
assume the form of a nearly complete equatorial ring round the 
eggf and its cephalic and caudal extremities almost to touch one 
another (Fig. 27). On the dorsal surface at this stage, therefore, 
only a small part of the yolk is uncovered by the germ-band ; this 
represents the future dorsal surface of the Spider, which is now 
about to com- 
mence to de- 
velop. This, 
however, alters 
in the stages that 
now follow, and 
that are charac- 
terised by the 
flexure of the 
embryo gradu- 
ally changing 
from a dorsal to 
a ventral one. 

The striking re- 
versal of flexure 
or reversion of 
the embryo is 
due to a combi- 
nation of the fol- 
lowing changes : 
the growth of 

the dorsal surface (Balfour), the shortening of the germ-bands 
(Locy), and the transverse widening of the ventral groove between 
the two germ-bands. 

Until now the dorsal surface has remained practically undeveloped, 
the cephalic and caudal extremities of the germ-bands being situated 
in close proximity to one another on the dorsal surface. The limited 
cell-area between them now commences to grow, extending anteriorly 
and posteriorly, thus forcing apart these two lobes. At the same 
time a shortening of the germ-bands takes place (Locy), accompanied 



Fig. 29.— Transverse section through the thoraclo region of an 
eTiibryo of Agalena labyrinthica in the same stage as in Fig. SI A 
(after Balfocr). The section is inadc through that region where 
the ventral yolk-sac protrudes most, ao^ aorta ; me.<, mesoderm 
(primitive segment), which extends on each side up to the dorsal 
middle line ; vn, ventral cord ; yk, yolk with yolk-cells. 
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by a widening (due to growth) of the median ventral groove. This 
latter now becomes converted into a swelling, owing to the yolk 
pushing out the thin layer of cells, which unites the germ-bands 
ventrally, and forming a protrusion, the ventral yolk-sac (Barbois, 
Balfour), which soon completely separates the two halves of the 
germ-band from one another, causing the limb-rudiments, which 
formerly overlapped ventrally, to become widely separated (Figs. 29 
and 31 A) and to move apart. 

The middle portions of the two halves of the germ-band now 
gradually move dorsally, a change brought about more by the 
shifting of the yolk than by any growth of their own. And at 
the same time the two extremities of this band are pushed still 
further down until they reach the ventral surfa<:e. 

As a direct consequence of these changes, tTie previovs dorsal flexure 
of the germ-hand gradually undergoes a complete reversal of its curva- 
ture, and the germ-hand finally assumes a well-marked ventral flexure. 
These changes constitute the "reversion" of the embryo. 

During these processes the growth of the dorsal surface proceeds 
only in a line with the long axis of the body, while it becomes 
narrower by the displacement of the two halves of the germ-band 
(c/. Figs. 27 and 30). The opposite condition obtains for the ventral 
surface, which we find shortening and widening, and finally converted 
into the temporary yolk-sac, which completely separates the two 
halves of the germ-band. 

The completion of the reversal of flexure is reached when the abdo- 
men is bent forwards ventrally (Fig. 28 C7), i.e., in a direction opposite 
to that which it formerly assumed. In Agalerui, to which this descrip- 
tion specially applies, a great reduction of the posterior abdominal 
segments is connected with this process (Fig. 31). These segments, 
when the change begins, rise somewhat from the yolk, so that the 
tail of the embryo resembles a loose flap lying on the yolk (Loot). 
The flexure-reversal of the posterior region of the body may thus be 
facilitated, and such a loosening helps us to understand the condition 
of Epeira, In this form the post-abdomen only degenerates at a 
later stage. Barrois describes a stage in the development of this 
Araneid in which the ventrally-curved embryo lying on the yolk-sac 
has, besides the four limb-bearing abdominal segments, at least six 
(perhaps even eight) others. The early development of the dorsal 
side of the abdomen, which has here taken place, is more easily 
understood on account of its loose attachment to the yolk. The 
change in the position of the yolk from the dorsal to the ventral side 



Digitized by 



Google 



^^: 



DEVELOPMENT OF THE EXTERNAL FORM OF THE BODY. 55 

is specially marked in Epeira, The embryo itself, with its long 
abdomen, the anterior segments of which are broad, while the 
posterior are narrow, bears, if we may trust Barrois' account, a 
decided resemblance to the Scorpiones. 

Babrois gives such distinct figures of this stage, both in dorsal aspect and in 
profile, that we should not hesitate to accept his description were it not denied 
by other authors that the dorsal segmentation described by him is actually 
present (Schimkewitsch, Nos. 12, b, and 72). 

The rich segmentation of the abdomen, ten or even twelve seg- 
ments being sometimes found, gives the embryo, before flexure- 
reversal (or perhaps sometimes, as in Epeira, shortly after that 
process) an appearance quite unlike that of an Araneid. A change. 



Fio. 80. — Older embrj'os of AgaUwi nocria, A^ showing the commencement of the flexure- 
reyeraal. B, having completed the flexure-reversal, and near hatching (after LocvX The 
embryo in A is viewed somewhat obliquely, oby^h^ the first abdominal segments, four of 
which carry the provisional limbs ; d, yolk ; cfc, chelicerae ; |xd, pedipalps ; p, the four 
ambulatory limba of the right side; kl^ cephalic lobe; s^ caudal lobe; fp, spinning 
mammillae (provisional abdominal limbs). 

however, is brought about through the great development of the 
anterior abdominal segments, especially of those which carry the 
rudiments of limbs, this being accompanied by the reduction of the 
other segments. This process can be observed in Agalena at an 
early stage of flexure-reversal. According to Loot, the anterior 
abdominal segments grow with unusual rapidity towards the dorsal 
side. Fig. 30 A, which illustrates the stage under consideration, 
represents the postero-lateral aspect of the embryo, so that the 
anterior abdominal segments can be recognised at each side growing 
up dorsally. Between them lies the bent caudal lobe {si), and the 
yolk-sac (d) already appears on the ventral side in this region. The 
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larger abdominal limb-rudiments are still distinctly visible {a^-ah^^ 
This figure further shows very distinctly the presence (already alluded 
to) of an abdominal segment lying in front of that bearing the 
first provisional limb {a\). This segment, as well as the one which 
follows the last limb-bearing segment, also takes part in the growth 
towards the dorsal side. From this figure and others taken from 
LocY, we gather that the segmentation of the dorsal side is, in this 
part of the body, a true segmentation, and that the segmentatioa 
observed by Barrois on the dorsal side of an Epeirid embryo is to 
be regarded in the same way. It seems advisable to point this out> 



Fio. 31.— Two older einbryos oi AgaUna lahyrinthica (after Balfour) A, embryo seen from 
the Hide with the large ventral yolk-prominence. The angle fonned by two lines, one drawn 
through the points of origin of the thoracic limbs, and the other through those of tbo 
abdominal limbs, indicates the degree of ventral curvature. B, embryo shortly befor© 
hatching. The abdomen, which has not yet fiilly attained its permanent form, is pressed 
against the ventral side of the thorax, ch, chelicerae ; cl, caudal lol>c ; pd, pedipalps ; pr.lf 
cephalic lobes ; pr.p, provisional abdominal appendages. 

because the embryo of Epeira has such a characteristic form even ia 
later stages. The external segmentation is the expression of the 
dorsal extension of the primitive segments, which arise in the 
Araneae as in the Scorpiones, by the segmentation of the mesoderm- 
band (pp. 23 and 85). 

The further development of the external form of the body, apart 
from the reduction of tlie caudal region just described, is determined 
by the union in the middle line of the halves of the segments that lie 
on each side. During this process, the principal mass of the yolk is 
withdrawn into the abdomen, and the cephalo-thorax and abdomen 
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now become marked off from one another (Fig. 30 B), The dorsal part 
of the former is not extensive, and shows no traces of segmentation. 

The cephalic region has undergone considerable modification, the 
cephalic lobes being smaller than before (Figs. 30 and 31). The 
chelicerae are no longer post-oral, but have attained a pre-oral position 
(Fig. 31 B). Between them the upper lip or rostrum has formed. 

The half segments, which became united dorsally, now join on the 
ventral surface, after the ventral nerve-strand, which arose by the 
thickening of the inner edge of the two halves of the germ-band, has 
become detached and has been drawn inward. As has already been 
mentioned, it is the anterior abdominal segments which, by their 
active growth, give rise to the large spherical abdomen of the 
Araneid. We might compare them to the pre-abdomen of the 
Scorpion. The posterior segments, which are comparable to the post- 
abdomen of the latter, however, degenerate either totally or to a great 
extent. The long abdomen of the embryo gives place to the compact 
abdomen known to us in the adult. 

An important point hitherto left unnoticed is the fate of the 
abdominal appendages. These, as rudiments, resemble the thoracic 
limbs, as can be seen from Fig 31-4; while, however, the latter grow 
and become jointed, the former decrease in size and become button- 
like. During the flexure-reversal, and even after it, they retain the 
same shape and position (Figs. 30 and 31 ^). Then, however, they 
begin to chauge. At the base of the limbs of the second segment, 
the ectoderm becomes invaginated to form the lung-sacs, [and respira- 
tory organs are similarly developed on the third segment. The fate 
of the first abdominal segment is still uncertain. This segment, so 
long overlooked (cf, p. 51, Fig. 27, 1, and footnote), is now recognised 
by Brauer and Purcell as the homologue of that small and almost 
limbless first abdominal segment which Brauer discovered in the 
Scorpiones, and of the disputed segment bearing the metastoma in 
Limvlvs (KisHiNOUYE and Packard, Vol. ii., p. 345, footnote). If 
this comparison is correct, the genital segment in all the three groups 
is proved to he the eighth post-oral segment (t.e. the second abdominal 
segment in the Scorpiones and the Araneae).] The third segment 
(Brauer) of the Scorpiones yields the combs, which are structures 
peculiar to this group. The fact that the segment which, in the 
Scorpiones, carries the combs, may develop lungs in the Araneae is 
explained by reference to Limulus, in which it carries gills.* 

The appendages of the third segment (see above) are said to 
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degenerate, while those of the fourth and fifth segments become 
changed into spinning mammillae (Figs. 30 and 31, Salenskt, Loot, 
Morin). On these mammillae the spinning glands arise as ecto- 
dermal invaginations (Fig. 46, spw, p. 88). If the spinning 
mammillae are reduced limbs (p. 79), we must regard the glands as 
belonging to the order of crural glands, having a phylogenetic origin 
similar to that of the corresponding structures in Peripatm, the 
Myriopoda and the Insecta. The anus arises on the last abdominal 
segment at the completion of flexure-reversal, when the post-abdomen 
is already degenerating, as an ectodermal invagination. 

When the young Araneid leaves the egg-integument it is, in many 
cases, quite incapable of movement. It continues for some time (in 
many forms for some days) in the same place without any movement 
being apparent in it. It is invested more or less closely by a 
structureless envelope, the first embryonic cuticle, beneath which the 
future hairy covering is already present. This outer cuticular 
envelope, which may to some extent be regarded as a larval integu- 
ment, is broken through after a time, but the young Araneid is 
still somewhat helpless ; it can, indeed, move its limbs, but it can 
only move from place to place freely after several moults. The 
young of Epeira cornutay on the contrary, is able to move to a 
considerable extent when it leaves the egg (Pdrcell). 

It is an interesting fact that the first cuticular integument may 
be provided with a kind of egg-toothf which serves for splitting the 
egg-shell. According to the researches of F. Purcell, there is, at 
the base of the two pedipalps of Tegeiiaria domestica^ a thickened 
plate-like part of the first chitinous integument, which, in contrast 
to the rest of the cuticular covering, appears dark in colour — almost 
black. From this spot an outwardly projecting spine arises, such as 
was described above as an egg-tooth. A similar but less developed 
. spine is found in a corresponding position in Attns floricola, and also 
in a Xystlcus, It may also occur in other Araneids. Purcell 
observed that the first rent takes place in the chorion, immediately 
over the egg-tooth. It extends from this point, and soon a cap-like 
portion of the egg- integument is separated off. The movements of 
the embryo, which must take place to produce the splitting of the 
egg-shell, could not be noticed. The spine, having fulfilled its 
function in splitting the egg-integument, is thrown off with the 
cuticular envelope. We shall find a similar arrangement in the 
Myriopoda, in which also an egg-tooth belonging to the cuticular 
envelope develops. The same is the case in the Opiliones (p. 33). 
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3. The Developnent of the Organs. 
A. The Nervous SyBtem. 
The ventral chain of ganglia arises shortly after the appearance 
of the limbs, as ectodermal thickenings on the inner side of their 
bases (Fig. 32 A), Even before the formation of the limbs, a 
thickened longitudinal band of ectoderm appeared on each side near 
the middle line, the two bands being separated by a thin median 
ectodermal strand. This thickening first appears in front, and grows 
backwards. A pair of such swellings (ganglia) belongs to each segment. 
(Balfour, Locy). In the cephalo-thorax there is a pair each for the 
segments of the chelicerae and the pedipalps, as well as for the four 



Fio. 82.— Trmnsvene teotiODS through embryos of Theridium maculaiumt at difTerent ages (after 
M obik). bZ, blood-corpuscles ; d, yolk ; dz, yolk-cells ; ex, limbs ; I, lung-iuvaginations ; n, 
rudiment of the ganglionic chain ; ui, primitive segments. 

pairs of ambulatory limbs. In the abdomen as many as ten pairs of 
ganglia (in Pholcus, according to Schimkewitsch, twelve) may appear. 
The longitudinal commissures connecting the ganglia are represented 
by thinner portions of ectoderm ; but the transverse connectives are 
not yet developed, the ganglia being still separated by a thin layer of 
ectoderm (Fig. 32 A). This is still more striking later, when the 
two halves of the germ-band shift apart (Fig. 32 B, n). The two 
strands of the ventral chain of ganglia, which at first lay near the 
middle line, are widest apart when the yolk is pressed towards the 
ventral side, so as to form the so-called yolk-sac (Figs. 32 B and 29, 
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p. 53). Before this happens, however, various modifications have 
taken place in the length of the chain ; the ganglia also gradually 
lose their connection with the ectoderm, and come to lie internal to 
it (Fig. 48 B and (7, p. 92). 
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Fio. 88.— Longitudinal sections through embryos of Theridinm maculatum at different ages 
(after Morim). a, anus ; &{, blood-corpuscles ; d, yolk ; cb, yolk-cells ; g, brain ; h, heart ; I, 
hepatic lobes ; m, mouth ; nid, rudiment of the cnteron ; mu, muscles ; n, ventral ganglia ; 
rb, rectal vesicle ; a, indications of external s^mentation ; sp^ splanchnic layer of the 
mesoderm ; wl, stomodaeum. 

When the germ-band still shows a dorsal curvature, the ventral 
chain of ganglia also extends round the whole of the yolk, but, as 
the germ-band reverses its flexure, it shortens, the concentration 
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taking place from behind forward (Locy). Thus while that part 
of the chain lying in the cephalo-thorax increases greatly in size, 
that in the abdomen shortens (Fig. 33 A and B). The separate 
ganglia have already come together to form two thick strands. 
At first the large ganglionic mass in the cephalo-thorax is still 
connected with a strand of abdominal ganglia (Fig. 33 A\ but, as 
the growth of the embryo progresses, the latter also is drawn into 
the common ganglionic mass in the cephalo-thorax, at least this 
appears to be the way in which we must interpret the process. 
At first the individual ganglia, though closely pressed together, are 
still externally distinct (Fig. 33 A)^ but they become less distinguish- 
able later (Locy, Morin). 

By the approximation of the two halves of the germ-band, which 
occurs through the reduction of the yolk-sac, the two portions of 
the ganglionic chain again approach each other, and transverse 
commissures now form. 

Balfour, in describing the formation of the transverse commissures, speaks 
of the appearance of delicate connecting fibres in the dorsal region of the 
ganglia, and expressly denies that a median ectodermal invagination takes part 
in the formation of the ganglionic chain. Schimkswitscu, on the contrary, 
expresses himself quite as decidedly in favour of the presence of such a median 
strand appearing like a shallow groove between the two approximated ventral 
nerve-trtmks (Fig 48 B and (7, p. 92). 

It has already been pointed out (p. 12) that an unpaired median strand 
participates in the formation of the ganglionic chain in the Scorpiones, and we 
must assume that this, in both cases, gives rise to the transverse commissures. 

As the concentration of the ganglionic chain commences, the 
formation of nerve-fibres becomes evident, appearing first in the 
dorsal part of the ganglia, t.e., at the part where, according to Balfour, 
the transverse commissures arise (Fig. 33 A and B), When the 
chain has become highly concentrated, the separate pairs of ganglia 
are still indicated by the transverse commissures. The elongate 
ganglionic chain of the earlier stages is now reduced to the com- 
paratively short and bulky ganglionic mass in the cephalo-thorax, 
euch as is found, though smaller, in the adult. Only one important 
modification has still to be mentioned. The pair of ganglia 
belonging to the cheliceral segment^ which at first is post-oral, 
shifts later to a position in front of the mouth, fusing with the 
brain, and at the same time forming the anterior part of the oeso- 
phageal commissure. The posterior portion of the latter, *.6., the 
part lying directly behind the oesophagus, is formed by the ganglia 
of the pedipalps. 
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As far as we can gather from the statements of Balfour, Schimkewitsch, 
LocT, and Morin, the fusion of the ganglia of the cheliceral segment with the 
brain seems to take place very early, and we may perhaps, therefore, assume 
that their transverse commissure is from the first formed in front of the 
oesophagus. This commissure has been described by Balfour. 

The Araneae resemble the Scorpiones with regard to the fusion of the cheliceral 
ganglia with the brain, and we would here call attention to what is x)erhape a 
corresponding process in the Crustacea and in PeripcUus (f\ision of the ganglia 
of the second antennae or maxillae with the brain, Vol. ii., pp. 163, 165, and 
Vol. iii., p. 193). According to Schimkfwitbch, there is another pair of ganglia 
between the cheliceral ganglia and the brain, which corresponds to that part of 
the brain which gives origin to the (unpaired) rostral nerve. To this point w© 
shall return later. 

After the ganglia have assumed the above-mentioned position, they 
become closely surrounded by a thin layer of mesoderm, which 
further grows in between the cell-masses and between the fibrous 
strands. This gives origin to the neurilemma and the trabecular net- 
work between the separate parts of the ganglia (Sohimkewitbch). 
This is also said to take place in the Crustacea (Vol. ii., p. 162). 

The snpraroesoplLageal ganglion originates as a large thickening 
of the cephalic lobes. According to Kishinouye (No. 62) the 
rudiment of the brain is continuous with those of the ganglionic 
chaiuj these rudiments forming together two longitudinal bands 
running from before backward. There are at first two distinct 
thickenings of the cephalic lobes, one on each side, bounded 
anteriorly by the semi-lunar furrow already described (Fig. 28 B), 
These furrows become deep and narrow slits, which appear to be 
lined with an epithelium, and remain in close connection with the 
rudiment of the brain. When this latter becomes detached from 
the surface layer, the invaginated ectodermal parts also become cut 
off from this layer as closed vesicles, and form an integral part of 
the supra-oesophageal ganglion (Salenskt, Balfour, Morin). The 
invaginate lining of the semi-lunar depressions (cephalic pits) yields 
the upper hemispherical lobes of the brain; the cavities being 
retained for some time at the sides. Between the two central 
masses fibres form, giving rise to the commissures that connect the 
two halves of the brain. Balpour further distinguishes a ventral 
region lying immediately in front of the cheliceral ganglia, which 
perhaps corresponds to the rostral ganglia described by Schimkewitsoh. 

The manner in which the brain forms in the Araneae has not yet been ascer- 
tained with sufficient certainty ; but various accounts given tend to confirm the 
view that the brain arises here, aa in the Scorpiones, as a paired thickening of 
the ectoderm in connection with paired ectodermal invaginations. These 
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iavaginAtions of the cephalic lobes seem to show great resemblance in the two 
groups, but it is not ascertained that they share in the Araneae, as in the 
Scorpiones, in the formation of the eyes. On the contrary, it appears from the 
published statements that the optic rudiments arise quite independently of 
the semi-lunar depressions. We are inclined, nevertheless, to assume that 
the part of the brain arising from infolding perhaps corresjionds to the optic 
ganglion, and that the folds which yield the eyes later enter into relation with 
it Tlie middle part of the brain (protocerebrum, St. Remt, No. 12) might be 
traced back to the thickening of the cephalic lobes, while the posterior part — 
tlie rostro-mandibular ganglion — is probably to be regarded as a part of the 
original chain of ganglia, as has already been shown. 

This conjecture as to a connection of the cephalic pits with the optic rudiments 
is confirmed in a recent work by Kishinouye (No. 62). This work differs from 
former publications on the subject of the development of the Araneid eye, in 
actually assuming a connection of the eyes (anterior median eyes or principal 
eyes) with the cephalic pits, and thus, in this respect, establishes greater agree- 
ment with the Scorpiones. Kishinouye further found three segments in the 
developing brain, such as Patten assumed for the rudiment of the brain of 
Scorpio (p. 18). Unfortunately, the statements of both these authors are not 
sufficiently clear to enable us to understand their detailed accounts of the 
development of the brain, and to bring them into agreement with the statements 
of earlier observers. Kishinouye's accounts do not in any way agree with 
Patten's, as may be seen by the relation of the optic rudiments to the different 
sections of the brain. The former describes an invagination which is inde- 
pendent of the cephalic pits ; nothing certain is known, however, as to its 
relation to the segments of the brain. Interesting and important conclusions 
may be expected from thorough investigation of this subject 

The statements of Schimkewitsch, that the cavities in the rudiments of the 
brain are not to be derived from infoldings of the ectoderm, but owe their origin 
to a later process of folding of the ganglionic mass after separation from the 
ectodenn, contradicting the views of other authors, can meet with no approval. 

B. The Eyes. 

The eyes, in the Araneae, arise through a process of infolding 
which closely resembles that described in connection with the median 
eyes of Scorpio ; special modifications, however, occur in the Araneae. 
Until lately a connection between the eye-folds and the depressions 
on the cephalic lobes was not assumed ; it was thought, rather, that 
the optic pits first arose when the cephalic pits had already closed.**^ 
The formation of the former certainly occurs at a late period in the 
development of the embryo, commencing when the latter is nearly 
completed. There then appear, in the frontal region, several pairs of 
(transverse 1) slit-like depressions lying near each other, or one 
behind another. In Pholcus there are said to be two (CLAPARiiDE), 
in Lycosa three pairs, but our knowledge as to these depressions and 

• [This view will be materially modified by the observations of Kishinouye, 
mentioned below, should they prove correct. — Ed.] 
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their position is so slight that nothing definite can be asserted about 
them. It appears, however, to be certain that the four pairs of eyes 
arise from different infoldings (Mark). 

The way in which the different eyes arise varies, the anterior 
median pair differing in this way from the two posterior median eyes, 
and from the two lateral pairs. There is a corresponding difference 
in structure : in the anterior median eyes the rods of the retinal cells 
lie external to the nuclei (Fig. 34 A, st\ while in the other eyes the 
rods are found internal to the nuclei (Fig. 34 ^, st). In the first case, 
the nuclei lie at the base of, in the second, at the outer ends of, the 
retinal cells. The anterior median eye, further, has no tape turn 
(Fig. 34 jB, /), I.e., no layer of cells lying behind the retina filled 

a. as. 



A- 



Fio. 84.— Anterior (A) and posterior (B) median eyes of an Araneid (diagrammatic, aft4?r 
Obemachbr and BbrtkauX ch^ chitinous covering of the body; gl, vitreous body; 
h, bypodennis ; /, lens ; n, optic nene ; r, retinal cells ; «(, rods ; t, tapetum. 

with shining granules, such as occurs in the other eyes, and appar- 
ently also determines a difference in their methods of development. 
Following Bertkau, we shall, for the sake of brevity, call the 
anterior median eyes principal eyes, the posterior and lateral eyes 
accessory eyes. These two kinds of eyes are distinguished, not only 
in structure, but possibly also in the method of their development 
(see below), a fact which justifies us in making this distinction. 
The last point, however, requires further elucidation. 

Our present knowledge concerning the origin of tlie eyes in the Araneae is 
chiefly due to the researches of LocY (No. 64) and Mark (No. 67), carried out 
on AgcUciia nacvia. Tlie following account, therefore, refers specially to this 
form. KiSHiNOUYE (No. 62), recently made some investigations of the develop- 
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ment of the Araneid eye in Agalena and Lycosa, His results differ in some 
essential points from those of his predecessors, and, if confirmed, are of 
importance for the comprehension of the Araneid eye. 

The anterior median eyes (principal eyes) are first seen as ecto- 
dermal thickenings of the frontal region. In front of this thickening 
an invagination appears (Fig. 35 A^ a), which eventually carries in 
the whole of the 
thickened area (Fig. /Jf 

35 B). The deep 
sac thus formed is 
directed posteriorly, 
and becomes applied 
to the ectoderm, 
which now shows 
a second thickening 
(Fig. 35 B, I). In 
further explanation 
of this stage we 
refer the reader to 
Fig. 10 B, p. 14, 
which illustrates the 
very similar course 
of development of 
the median eye in 
the Scorpion. Here, 
as there, the ecto- 
dermal (or hypoder- 
mal) layer lying over 
the eac forms the 
vitreous body, and 
secretes the lens on 
its outer side (Fig. 
35^ and CO. The 
aperture of the in- 
vagination (a) closes, 
and the optic vesicle 
thus becomes cut off 

from the ectoderm. The cells of the already thickened (outer) wall 
of the invagination lengthen distally, their nuclei taking up a position 
furthest from the surface, as can be seen in Fig. 35 C. The rods are 
then secreted at the distal ends, and thus lie external to or in front 




Fio. 35.— Development of the principal eyes of Agalena naevia, 
sagittal section (after Loct). a, optic in^nkgination ; gl, vitreooB 
body ; h, hypodermis ; ?, lens ; jw, post-retinal layer ; r, retina. 
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of the nuclei. The whole of this thickened layer represents the 
retina, while the thin lower wall of the invagination (pr), the so- 
called post-retinal layer, perhaps yields the posterior enveloping layer 
of the eye (Locy). A displacement of the nerve, in relation to the 
retinal elements, must take place here, as in the eye of Scorpio^ 
since the former, in the adult eye, is connected with the posterior 
ends of the retinal cells (Fig. 10-4 and C, p. U, and Fig. 34 A). 

The posterior median eyes and the two pairs of lateral eyes 
(accessory eyes) also arise through infoldings of the ectoderm, which 
are directed posteriorly, and become applied to the ectoderm (hypo- 
dormis). The lens is then secreted above the infolding (Locy, Mark). 
Up to this point the formation of these eyes appears to agree witli 
that of the anterior median eyes. 

In the anterior lateral eyes the invagination is, according to Mark, directed 
anteriorly. Perhaps this fact accounts for the number of the optic folds as 
described by CLAPARi^DE, the anterior eyes arising separately, while the posterior 
eyes originate from a common fold. This is, indeed, merely a conjecture, which 
we are led to make by the difficulty of gaining, from the statements before us, 
any exact idea of this important process. 

The development of the posterior median eyes and that of the 
lateral eyes further differ in that the formation of the rods occurs 
not in the outer, but in the inner parts of the retinal cells. The 
nuclei take up an external position, and the cells lengthen in 
the direction of the cavity of the optic vesicle, and secrete the 
rods on their inner ends. In consequence of this, the rods here 
lie behind the nuclei, a position similar to that found in the eye 
of the adult (Fig. 34 B). 

While the outer wall of the invagination is transformed into the 
retina, as in the anterior median eyes, the inner part seems to 
undergo another process of folding (Mark). The new fold extends 
into the original cavity of the first invagination, and represents the 
rudiment of the tapetum. Its cells secrete later the small crystals 
which cause the glitter of the adult eye. The post-retinal layer 
behind the tapetum-fold here also bounds the eye posteriorly (Mark). 

According to Locy, the tapctum owes its origin to a continuation of the 
outer chitinous covering of the body into the primitive eye-fold. But since 
the tapetum is of a cellular nature, as was shown by Bertkau's researches 
(No. 62), this does not appear veiy probable. Another view concerning the 
origin of the tapetum, which has been rei)eatedly suggested, is that it consists 
of migratory mesoderm-cells laden witli a silvery pigment 

A displacement of the nerves and of the retinal elements need 
perhaps not be assumed in these eyes, for, according to Bbrtkau, 
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the nerve in the Araneid eye always joins the optic cells at the 
«nds at which the nuclei lie (Fig. 34 A and B\ In the present 
case, this is the distal side of the retina; the nerve has therefore 
retained its original position. 

It appears, from Bbrtkau's aoconnt, that the nerves join the distal (external) 
«nd8 of the optic cells (Fig. 34 B\ the nerve-fibres ninning from the peripliery 
to the ends of the cells. This seems to be the most primitive arrangement. 
Bertkau, however, states that nerve -fibres also traverse the tapetiim (Fig. 
34 B) and run to the distal ends of the cells (i.«.. in between the optic cells). 
This latter course taken by the nerves must be regarded as secondary, if we 
<M}n8ider the processes of development, for a perforation of the post-retinal layer 
then takes place. 

It is possible to reconcile Bbrtkau's description with the views founded by 
Hark upon ontogenetic researches. According to these, some of the nerve- 
fibres run round the tapetum to join the distal ends of the retinal cells ; others, 
however, are said to traverse the post-retinal layer as well as the tapetum. 

Additional remarkB on the development of the principal and the 
accessory eyes. The statements of Kishinouye, as we have already 
remarked, would, if confirmed, be of importance in affecting our 
view of the development of the Araneid eye. According to this 
writer, the principal eyes arise through inversion, essentially in the 
manner described above. An important point is found in the fact 
that the aperture of invagination represents also the last trace of 
the aperture of the closing cephalic pit. The (anterior) median 
<iyes are thus, as in the Scorpiones, related to the invaginated part 
of the cephalic lobes, a fact which could not be gathered from the 
descriptions of earlier authors. 

While the principal eyes arise through inversion, the accessory 
•eyes, according to Kishinouye, have quite another origin, being 
formed by a wiere depression of the ectoderm without inversion. 
They appear later than the principal eyes, and lie behind these. 
It appears that they are related to the invaginations mentioned 
above, which form independently of the cephalic pits, and take part 
in the .formation of the brain. This recalls the formation of the 
optic ganglia. The accessory eyes seem to arise independently of 
one another as pit-like ectodermal depressions. The base of each 
of the depressions thickens considerably, and becomes the retina. 
The nerve joins the retina posteriorly, so that there is no suggestion 
of inversion, and the whole resembles the eye of the Insecta. The 
pit closes, its lips growing together and fusing. These parts yield 
the vitreous body, above which the lens is secreted. 

If the Araneid eyes actually form in the manner here described, 
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they would show great agreement with the eyes of the Scorpiones. 
The anterior median eyes of the Aranea^^ which develop through 
inversion^ tpould then correspond to the median eyes of Scorpio, which 
arise in a similar manner ; the posterior median and the lateral eyes 
of the Araneae would be comparable to the lateral eyes of the 
Scorpiones, which also originate as simple ectodermal depressions 
{loithout inversion). If so, Berteau's division of Araneid eyes into 
** principal " and " accessory " eyes would have some significance. 

The fact that these Tcry important results obtained by Eishinouye were not 
accorded the first place in our account is partly due to their becoming known to 
us only during the publication of this book. Again, compared with the state- 
ments of former investigators, they did not appear sufficiently supported. It 
should be noticed, however, that researches made by F. Purcell, independently 
of the work of Kishinouye, on the structure and development of Araneid eyes, 
led to similar results. Purcell also thought that the lateral eyes arose in the 
form of slight depressions of the ectoderm, over the bases of which (retinae) 
the lateral parts grow in as vitreous bodies. This seems to agree with the 
structure of the adult eyes, which, together with Purcell's ontogenetic 
observations, will be further examined later on. 

C. Surrey of the Arachnidan Eyes. 

In order to understand the development and structure of the 
Araneid eyes, it is necessary to compare them with the eyes of 
the Scorpiones. Whereas the eyes of the Araneae are usually 
regarded as simple eyes, i.e., as so-called ocelli, the retinae of which 
show no regular grouping of cells (retinula formation, Fig. 34 A and 
B) ; the eyes of the Scorpiones have retinulae, i.e., groups of cells 
with a central rhabdom* (Fig. 1 1 5, p. 17, and Fig. 10 C, p. 14). The 
eyes of Scorpio, especially the median eyes, thus show an essential 
feature of the compound eye, although, like the Araneid eye, they 
possess a single corneal lens not divided into facets, and therefore 
are without another important feature of the compound eye. We 
must, nevertheless, regard them as compound eyes, if only as 
modified eyes of this sort, as will be proved by the following 
considerations. 

♦ In the simple Arthropodan eye {ocelliis, stemma, etc.) the retina consists of 
a layer of similar optic cells (Fig. 36, r) ; in the compound eye, however, it 
breaks up into groui>s of cells, the retinulae (Fig. 10, p. 14). These cells, which 
vary in individual cases, cany, at the sides which are turned towards the centre 
of the group, optic rods {rhabdomcres)^ which may fuse to form a single structure, 
the rhabdom (Figs. 37, rh^ and 10, p. 14). Each group of the retinulae, 
together with the superjacent cells of the vitreous body and the corneal facets 
belonging to them, forms one of the ommatidia (Fig. 198 D), which in larger 
or smaller numbers compose the eye. This at least applies to the typical form 
of comi)ound eye ; the Arachnidan eye now under consideration is somewhat 
different. 
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In tracing back the Arachnid eyes to compound eyes, in order to 
understand their structure, we must first explain the origin of the 
latter. It facilitates matters if we refer to the probably analogous 
conditions in the Insecta. The simplest eyes (ocelli) of the latter are 
pit-like depressions of the hypodermis, over each of which lies a single 
lens. Corresponding simple eyes are found in the Annelida; these 
are mere pits in the body-integument, richly pigmented and with a 
lens lying in each {Diqpatra and Onuphis, v. Kennel, No. 60). The 
ocelli of the Insecta are on a somewhat higher level, the hypodermal 
layer bulging inwards from the sides over the retina, and thus 
forming the so-called vitreous body beneath the lens (Fig. 36, gk). 
In the Myriopoda, the Insect larvae, and the Thysanura, a number of 
such ocelli are found grouped together. If we imagine their number 
still further increased, and a closer connection formed between them, 
we have" the beginning of a compound facet-eye. In the Myriopoda, 
especially in SctUigera, such a condition seems actually attained. 
The eye which has thus arisen has at first no kind of uniformity. 
Its constituent parts seem still to be independent structures of too 
complicated a nature to permit of co-operation. A gradual reduction 
of the elements occurs in the single eyes, and, as it progresses, leads 
to the result known in the compound eye, viz., to the retention of 
only a few of the elements of each primarily single eye. The 
single eye has in this way become an ommatidium. We thus 
imagine the ommatidia as 

arising out of ocelli. The ^^. ^ , , 

rationale of this process, 
which led simultaneously 
to the reduction of the c — 
elements in the ocellus, ^•■- 
and to an increase in & 
number of ocelli, must be 
sought in the function of 
the compound eye, which 

requires the utmost attain- ^\°- ^^--Sectlon through the ocellns otaDytiscus 

^ ^ ^ larva (after Grexacuer, from Hatschek s Ttxt-hix)): 

able diminution of the of zoology), b, basal membrane; c, chitinou» 

visual surface in the single rptme^lc'^lur^m."^'^:*''"'^"""'' '•""= 
eye. 

Such very simple eyes as the ocelli of the Insecta are not found in 
the Arachnida, but we must presuppose the presence of similar 
structures in their ancestors. The most simple Arachnidan eye is 
the lateral eye of Scorpio (Fig. 11 .B, p. 17), a unilaminar eye, in 
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the form of a pit, filled by the lens ; the floor of this pit (the retina) 
being directly continuous with the hypodermis. Although this eye 
possesses, in the above features, the principal characters of a simple 
eye, we are not able to regard it as such, on the one hand, because of 
its detailed structure, and, on the other, because of the striking 
agreement existing between the eye of Scorpio and that of Livitdus. 
The lateral eyes of the latter are unilaminar, as are those of Scorpio^ 
while the median eyes in both forms consist of two or three layers. 
The lateral eyes of the Scorpiones, as well as those of Limtdus, 
develop in the form of simple depressions; the median eyes, on 
the contrary, have a complicated method of development, which 
apparently is very similar in the two forms. 



4 
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Fia. 87.— Three ommatidia of the lateral eye of Limvlus (after Watask). A is a me ian 
longitudinal section of the retinula, B and C ahow the retinulae in Burface'View. c, central 
ganglion-cell ; ch, chitinous cuticle ; hyp, bypodermis ; {, lenticular cone ; ma, mesodermal 
tissue ; n, nerve ; rh, rhabdoui ; r<, retinula. 

The lateral eyes of Limuitis consist of a number of retinulae, each 
provided with a corneal lens (Fig. 37). The retinulae are continuous 
with the hypodermis, and each group might be regarded as a single 
eye, which has arisen in the way described above through th^ sim- 
plification of an ocellus-like eye. The lenses of the single eyes are 
only distinct from one another internally (Fig. 37, /); externally, 
they appear fused (ch). We might suppose that this process of 
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fusion has gone still further in the lateral eyes of the Scorpiones, 
and has finally led to the formation of the common lens now found. 
In this view each lateral eye of the Scorpion is regarded as the sum 
of a number of single eyes. The rhabdoms contained between the 
retinal cells correspond to those in the eye of Limvlua, The latter 
is somewhat highly developed, its character as a compound eye 
being recognisable from the formation of rhabdoms in the retinulae. 
The lateral eye of the Scorpion thus also appears as a degenerate 
facet-ey^. The depression which ontogenetically represented it must 
therefore not be regarded as the primary optic pit. 

In ScorpiOy as is well known, there are several lateral eyes on each 
side. Each of these is to be considered as a complex of single eyes, 
and all taken together as representing a lateral eye of Limulua, They 
have, perhaps, been derived from one large facet-ejTe by the separation 
of individual complexes of sidgle eyes. An altogether analogous 
process seems to occur in the Trilobites. 

While the Trilobites usually have H facet-eye on each side, the genus Barpes 
has, in place of the facet-eyes, two or three prominences (H, viUcUua 2, H, 
ungula 3, Bakrande) with perfectly smooth surfaces, which are pimple eyes, 
strongly resembHng in outward appearance the lateral eyes of Scorpio, Palaeon- 
tologists have appropriately described them as ocelli, although, from a zoological 
point of view, they do not deserve this name, having most probably arisen in a 
way similar to that conjectured in connection with the latei-al eyes of the 
Scorpipnes. 

Careful examination of the surface of Trilobite eyes perhaps allows of our 
forming further conclusions as to the origin of these facet-eyes, which coincide 
with the view just put forth. The whole surface of the facet-eye usually differs 
in its structure from the rest of the body coverifig In some genera, however 
{Phacops, Dalmania, Zittel), the covering of the visual surface is identical with 
the rest of the shell, while the single lenses lie in rounded or polygonal de- 
pressions. This looks as. if, in the last cas^, the single eyes were not close to one 
another, while in the first case they were crowded together. As our knowledge 
of the stnicture of the Trilobite eye is so small, this can merely be advanced as 
a conjecture. 

The median eyes of Scoj^pio, by the distinct formation of retinulae 
and rhabdoms, are more evidently proved to be compound eyes. 
They are multilaminar (Fig. 10 C, p. 14). The same is the case 
with the median eyes of Limulus, the elements of which are also 
comparable with those of the eye of Scorpio. This multilaminar 
character raises the eyes under consideration to a higher ontogenetic 
level, further evidence of this being afforded by their complicated 
method of development. Both these characters make it impossible 
•for us to trace back the median eyes of Scorpio and of Limulus to 
lateral eyes, although the two kinds of eyes otherwise show great 
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agreement. Both the lateral and the median eyes of the Scorpion 
appear to be compound eyes, the one kind, however, showing more 
than the other a tendency towards the suppression of the distinction 
of the primary single eyes and towards the formation of one homo- 
geneous eye. The fusion of eyes formerly distinct would, if we 
may follow this idea further, become continually closer, and finally 
lead to the formation of an eye in which the single eyes as such 
would be hardly recognisable or altogether indistinguishable. It 
does not appear to us possible that the eyes of the Araneae have 
reached this stage, although it will perhaps be considered para- 
doxical first to trace the evolution of the simple eye into the 
compound eye, and then to derive from this latter an eye which 
we are accustomed to claim as a simple eye. 

The eyes of the Araneae show, especially in their manner of 
development, the greatest agreement with the eyes (median eyes) 
of the Scorpiones, apart from the fact that by their position 
they prove themselves to be homologous structures. The process 
of infolding so strikingly resembles the similar process in the 
Scorpiones, that we are obliged to consider the two as equivalent, 
and thus also to consider the Araneid eyes as more highly developed 
than their structure leads us to expect. The eyes of the Araneae 
are usually regarded as ocelli, and are compared with the ocelli of 
the Insecta. Their structure appears to justify this view, for the 
retina is composed of a continuous layer of similar cells (Fig. 38 A 
and B), The development of this layer is, however, more com- 
plicated than in the simple eye ; in manner of formation it resembles 
the eye of Scorjno (Fig. 35, p. 65, and Fig. 10, p. U). The multi- 
laminar character is not, as in the ocellus, caused simply by the 
hypodermal layer pressing forward over the retina, but is the result 
of a process of infolding (Figs. 35 and 10). This striking resem- 
blance to the eye of Scorpio alone inclines us to regard the Araneid 
eye as a compound eye* By the breaking-up of the retinulae, the 
uniform character of the retina would again be attained. There 
are besides, in the structure of the Araneid eye, certain indications 
which seem to support this view, and which would lead us to 
conclude that the retina is not composed of a uniform series of 

* [PuRCELL (App. to Lit. on Opiliones, Ko. VI.) finds that the eyes of the 
Opiliones are three-lavered inverse eyes, arising in a precisely similar way to 
the principal eyes of the Araneae and the median eyes of Scorpio, They contain 
relmulaef each composed of four cells surrounding a single rhabdom. PuRCELL 
claims to have definitely proved that a retina comjjosed of retinulae or of a 
modification of these occura in the Opiliones and in the Araneae. — Ed.] 
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single optic cells. According to Grenachbr, the rods in the eyes 
of all Araneids consist of two parts, and thus appear split longi- 
tudinally ; in PhcUangiujn, each rod is composed of three parts, and, 
in transverse section, has the shape of a trefoil. Although it is 
expressly asserted that the rods lie in the cells, we cannot avoid 
conjecturing that this bi- or tripartite character of the rods is 
perhaps a vestige of the rhabdom- and retinula-formation.* 

The relations of the various pairs of Ai-aneid eyes to one another are rendered 
difficult to understand by the differences in structure and development found in 
them. We are at first disposed to connect the anterior median eye with the 
median eye of Scorpio, and the other eyes with the lateral eyes of Scorpio. We 

a. as. 



Fio. SB.— A, anterior, B, posterior median eyes of an Araneid (diagrammatic, after Grenacher 
and Bbbtkau). ch, diitinous cuticle passing into the cnticnlar Ions (0; gh vitreous body ; 
h, hypodermis ; 2, lens ; n, optic nerve ; r, retina ; st, rod ; f, tapetnm. 

cannot, however, reconcile with this view the fact that the posterior median eyes 
and the lateral eyes develop in almost the same manner as the anterior median 
eyes, while the lateral eyes of Scorpio form in a very simple way (Fig. 11, p. 17). 
We might therefore better trace back all the Araneid eyes to a breaking-up of 
the median eyes into separate complexes, such as has been assumed for the 

* In the eyes of some Araneae {e.g., Atypiis), the vitreous body layer appears 
to be exceedingly thin. Bertkau (No. 50) compares these eyes to the ocelli 
of the Insecta, and states that they obliterate the distinction between uni- 
laminar and multilaminar eyes. Those ocelli with which these Araneid eyes 
are compared already show a vitreous body separate from the retina (in 
Phryganea and Vespa, Grenacher), i.e., the vitreous body and the retina 
no longer form one continuous layer. In this respect, these eyes have a 
structure similar to that of the Araneid eyes, and are removed from that of 
the unilaminar ocellus. According to the view adopted above, the median eyes 
of the Araneae, which so strikingly agree with the Inscctan ocelli, must not be 
considered as homologous with the latter, but we must assume that this appar- 
ently similar development was brought about in different ways. 
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lateral eyes of Scorpio,* In this case tlie lateral eyes would be altogether 
wanting in the Araneae. The differences in structure in the different imirs of eyes 
are, indeed, very remarkable ; but, in the present state of our knowledge, it is 
not possible to explain them in a satisfactory manner. 

In connection with the infolding of the Arachnid eyes and the 
secretion of the lens over that part of the fold which lies near the 
hypodermis (Figs. 35 and 10, p. 14), the elements of the retina 
undergo rearrangement. The part of the cells formerly turned out- 
ward is now directed inward. It carries the rods, as it also does even 
in the so-called accessory eyes (lateral and posterior eyes) of the 
Araneae (Fig. 38 B), The nerve-fibres become connected with the 
ends of the cells which were formerly turned inwards, hut are now 
turned outwards. At these ends lie the nuclei of the retinal cells. 
This seems to be the definitive condition in the accessory eyes, and 
corresponds at the same time to the condition before infolding, apart 
from a few modifications that may still take place in the innervation 
(p. 67). It is otherwise with the so-called principal (anterior median) 
eyes of the Araneae and the median eyes of the Scorpiones. In the 
former, the rods lie at the outer (distal) ends of the retinal cells, 
while the nuclei lie internally (Fig. 38 A), The nerve-fibres join 
the nucleated proximal ends of the cells. This is also the case in 
the median eyes of the Scorpiones (Fig. IOC). A displacement has 
therefore taken place here as a consequence of the infolding. The 
absence of this displacement in other Araneid eyes may perhaps be 
explained by the development of the tapetum by which the light is 
reflected back on to the ends of the rods that turn inwards. 

The observations of Eishikouye and Purckll quoted above, according to 
whicli inversion does not take place in the developing accessory eyes, again 
throw doubt on the manner of innervation of these eyes which has till now 
been considered likely, and lend probability to the repeated assertions that the 
nerve entera from behind. 

From what is as yet known of the structure and development of the Arachnid 
eyes, we are not justified in doubting that displacement occurs. We have not, 
indeed, sufficient details of this process, which has been followed chiefly by 
Mark and Parker, to be able to judge fully as to its occurrence. Mark has 
specially devoted his researches to the morphology of the process. In order to 
understand his view we must, however, briefly touch upon another theory 
concerning the origin of the Arachnid eye. 

We derived the compound eyes of the Scorpiones and that of Limulus from 
more highly-organised (facet) eyes ; another view, adopted si)ecially by Ray 

* The recent statements regarding Kishinouye and Pubcell's observations 
(p. 68), accoi-ding to which the anterior median eyes arise through inversion, 
while the other eyes do not, render highly probable the first conjecture that the 
former are to be traced back to the median eyes of the Scorpiones, and the latter 
to the lateral eyes of that animal. 
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Lankester, derives them from a simple eye {sUmma, ocellus) by the grouping 
of the retinal elements into retinulae. The lateral eye of Limulics would, 
according to this view, represent a later stage in which a separation of the 
lenses has already taken place, which, progressing further, leads to the forma- 
tion of facet-eyes. Although this view affords in some respects a satisfactory 
explanation of the different forms of the eyes, we were not able to accept it, 
because we could not find sufficient grounds for assuming that the continuous 
retina breaks up into separate groups. 

The processes of development are more easily explicable by direct derivation 
of the Arachnid eye from the ocellus. The invagination then corresponds to 
the primary optic pit. If, however, we regard the eye as compound, as wo did 
before, it then consists of the sum of the single eyes, and the invagination is 




Fig. 89.— Diagrams illustrating the rise of the Arachnid eyes (chiefly after E. L. Mark), gl, 
vitreoQs body ; fc, hypodemils ; /, lens ; n, optic nerve ; pr, poet-retinal layer ; r, retina ; 8t, 
rods. 

not comparable with the primary optic pit, but must rather be considered as a 
secondary structure, which displaced the whole of the visual surface inwards in 
the form of an infolding, a process which, without further explanation, is incom- 
prehensible. The process of invei-sion also then remains the same on the whole. 
The simpler case of the derivation from the ocellus is explained by Mark 
through degeneration of a part of the retina and greater development of the 
other part, the lens shifting meantime towards the latter (Fig. 89 A-C). The 
more highly developed portion of the retina comes to lie more and more beneath 
the lens (Fig. 39 D and E). While the nerves degenerate on the surfaces now 
tamed outward, others become connected with the inner ends of these cells (Z> 
and E). The rods which lay originally behind the nuclei (Z>) are now found in 
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front of them [E). Mark regarded the spherical structures found behind the 
nuclei in the median eye of Scorpio, the so-called " phaospheres " of Ray 
Lankester, as remains of the original rods, while the rods now found in front 
of the nuclei (B, at) represent new formations. Since, however, the ''phao- 
spheres" are found in the lateral eyes of Scorpio which do not arise through 
inversion (Ray Lankester, CarriIire) this view is not easy to maintain. 

If we compare the two theories of the origin of the Arachnid eyes, we ought 
to take into consideration, as an important factor, that the compound (facet) 
eyes are built up on a convex base, while the Arachnid eyes have a concave base, 
and in this character more nearly resemble the simple eyes. This feature is 
wanting in the compound eyes of Limuliu, which liave as a base an almost level 
surface. 

The attempt just made to bring the various Arachnid eyes into relation with 
one another was undertaken to reconcile the facts revealed by ontogeny with the 
structure of the adult eye. Physiological factors ought, perhaps, to have been 
taken more into account. It must be clearly understood that the above is 
merely an attempt to facilitate the comprehension of the Arachnid eyes, till, 
through further i-esearch, we have attained a more exact knowledge of their 
structure, and the ontogenetic processes through which they pass, which are 
still in many res^^ects very obscure. The literature on this subject is so 
extensive, that we have not attempted to acknowledge the views of different 
authors in the way done in other parts of this work. It has thus been possible 
to treat our subject more freely. 

The Respiratory Organs. 

The Lungs. Tlie two lungs of the Dipneumones arise in the 
form of two wide depressions at the bases of the limbs of the 
second abdominal segment (Salbnsky, Bruce, Morin). Their further 
development (Schimkbwitsch, Locy) somewhat resembles that already 
described for the lungs of the Scorpiones (p. 19). 

The lung-sacs are directed forwards in relation to the stigmata. 
At the anterior end, especially in the ventral part of the sac, 
infoldings arise; these are the leaves (formation of the lung-book). 
The space between the two halves of each leaf is in direct continuity 
with the body-cavity, so that the blood freely enters the lung-leaves. 
The two lamellae are connected by cellular transverse trabeculae, no 
doubt arising from the mesoderm (Locy) ; these are also present in 
the adult (Fig. 40), and are then said to be of a muscular character 
(MacLeod). On the free surfaces of the leaves, ^e., on those turned 
to the cavity of the pulmonary sac, a cuticle is secreted, which, on 
the surfaces directed ventrally, is homogeneous and of equal thick- 
ness, while on the dorsal surfaces it is stronger, and beset with small 
tooth-like thickenings (Locy); this distinction between the two 
surfaces holds in the adult also (Fig. 40). 

It has already been shown (Vol. ii., p. 35S) that the lungs of the Arachnida 
show great morphological resemblance to the gills of the Xiphosura. Kinoslky 
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(No. 61) points out in addition to this that the rudiment of the lungs in the 
Araneae so closely resembles that of the gills in Limulus^ that the one might 
be mistaken for the other. Further, the rudiments of the gills in Limulus are 
somewhat sunk below the level of the ventral surface. The position of the 
developing lung at the posterior side of the limb is also of great importance. 
We are therefore disposed to regard the lungs of the Arachnids as modifications 
of once functional gills (Vol. ii., p. 858). When the gills are drawn into the body 
in such a way that the free posterior edge of the limbs, by its partial fusion with 
the body- wall, yields the stigma, the lower (true anterior) surface of the limb which 
lies close to the body must become the ventral body-wall of that region. This 
is in agreement with Morin's statement, according to which the disappearing 




Fio. 40.— A somewhat diagraininatic longitudinal section through an Araneid lung (after 
MacLkod). Uf lung-leaves ; ch, chitinous covering of the body, and beneath it the cells 
of the hypodennis ; d, dorsal side ; dk, dorsal air-chamber ; do^ dorsal surbce of a lung-leaf, 
provided with a thicker layer of chitin and teeth ; /, fibres of connective tissue attached to 
the lung-sac ; h, posterior side ; Ik, air-cliambers ; Ir, common air-space of the lung-sac ; 
sf, stigmatic aperture ; v, ventral side ; ve, ventral surface of a lung-leaf with thinner and 
more even layer of chitin ; vo, anterior side; w, posterior wall of the lung-sac, with the 
cellular matrix. Between the two lamellae of each lung-leaf (hi) the (darkly shaded) 
traniverse trabecnlae can be seen. 

limb yields the outer covering of the lung. In such an origin of the lungs, it is 
clear that the lung-leaves arise chiefly from the ventral wall of the sac (posterior 
surface of the limb, Fig. 40). Tlie lung-leaves correspond directly to the leaves 
of the gills which are still found in Limuhis. We therefore refer the lung-leaves 
to the leaves of the gills, without assuming an invagination of the latter such as 
has been sometimes demanded (Vol. ii., p. 359). It has been stated that in such 
a phylogenetic origin of the lung -book we should expect to see the leaves 
appearing as projecting folds on the abdominal limbs, before the depression 
occurs, so that the lung-book would pass ontogenetically through a gill-stage. 
Such an ontogenetic stage does not occur, but the invagination takes place first, 
and the folds then form within it. It appears to us to be demanding too much 
to expect to find such an ontogenetic stage, and to be going too far to found an 



Digitized by 



Google 



78 ARACHNIDA. 

opposition theory, concerning the origin of the lung-books, upon its absence. 
Such a temporary retardation of one of the ontogenetic stages is here all the 
less improbable, since we have seen that even the gills of Limulus appear some- 
what sunk in the ventral body-wall. 

The most important evidence yielded by ontogeny in favour of a comparison 
of the Arachnid lungs with the f^ls of the Xiphosura is their common origin in 
connection with the abdominal limbs. Besides this, there is the striking agree- 
ment in the structure of the adult organs which has been specially pointed out 
by Bay Lakkester and MacLeod, and the canal-like communication of the 
lung-sacs of the two sides which, to all appearance, finds its homologue in a 
similar connection between the gill-cavities on the two sides in Limulus,* 

The Tracheae. If the pair of lungs in the Dipneumones arises 
from the second abdominal limbs, it must be assumed that the second 
pair found behind the first in the Tetrapneumones arises from the 
third pair of abdominal limbs. This pair, according to Morin's 
observations, disappears in the Dipneumones; but we may expect 
that further researches, made specially with this object in view, may 
reveal that it gives origin to the two tracheal trunks which are met 
with in most Araneids in addition to the lungs, t In a few Araneids 
(the genera Dysdera, Segestria, Argijroneta) the two stigmata of these 
tracheal trunks are found immediately behind the stigmata which 
lead to the lungs, and we can therefore hardly doubt that they are to 
be compared with the similarly-placed posterior stigmata of the 
Tetrapneumones. Where two stigmata {Salficus, Micrypliantes), or, 
as is usually the case, a united pair of stigmata in the form of a 
transverse slit are found, immediately in front of the spinning 
mammillae, it might be assumed that the second pair of stigmata 
have been shifted back, just as the succeeding pair of limhs have 
been displaced backwards as the spinning mammillae to the posterior 
end of the body. 

Taking the above facts into consideration, we are inclined to trace back the 
tracheae of the Araneae (and of the Arachnida generally) to luugs.t We assume 
that the air-chambers of the lungs lengthened out and extended far into the 

• [Simmons (App. to Lit. on Araneae, No. VIII.) finds that the lungs aiise 
as infoldings on the posterior surface of the second pair of abdominal appendages, 
in the same way as the gills arise in LimuluSf forming lung-leaves in the same 
way as the gill -leaves are formed in the latter. The lung-leaves, therefoi-e, arise 
as an external structure on the }iosterior surface of the abdominal appendage ; 
they sink in without any inversion or comjilication, in the way suggested by 
KiNGSLEY. The tracheae develop on the third abdominal appendage ; in their 
earlier stages, these appendages have, on their posterior surface, a folding 
similar to that on the second appendage. The author tluis concludes that the 
lung-book condition is primitive and the tracheae derived from it. 

See also Laurie (App. to Lit. on Scorpiones, No. IV.). This author is also 
in favour of MacLeod's view that the lung-books are to be derived from 
appendages whose lateral margins have fused with the ventral body- wall. — Ed.] 

T [PuRcELL (No. VII.) derives the inner tracheal trunk from an entapophysis^ 
the outer from the lung. — Ed.] 



Digitized by 



Google 



THE SPINNING GLANDS AND THE POISON GLANDS. 79 

body, narrowing at the same time, so that the tracheal form was finally assumed. 
The flattened form of the tracheae in the Araneae seems further to support the 
view that they arose from the spaces between the lung-leaves. According to 
MacLeod, the air-chamber which lies most dorsally in the lung (Fig. 40, dk)y 
and which is bounded by the wall of the lung-sac and the dorsal lamella of the 
uppermost leaf, usually differs in shape from the others, being more rounded, 
almost cylindrical in cross section, while the other chambers are narrow and slit- 
like. This air-chamber thus already approaches a trachea in form, and further 
resembles it in the structure of its wall, which is beset all round with chitinous 
teeth. We thus have a partial transition to the form of the trachea in the 
actual lung-sacs. The tracheae also show a great similarity to lungs in that the 
principal trunks of the two sides have, stretclied between them, a connecting 
canal, such as is also present in the lungs, and which, in these latter, is of 
importance in comparing them with the gills of Limtilus. 

The process of the further distribution of the tracheae in the body was most 
probably determined by adaptation to a terrestrial existence, which led to the 
development of a respiratory system resembling the tracheal system of other 
air-breathing Arthropoda. It is well known that the tracheae of the Arachnida 
have repeatedly been regarded as homologous with the tracheae of other 
Arthropoda. The lungs were derived by those who held this view from tracheal 
tubes, which became flattened and much widened. Such a view seemed all the 
more justifiable, as the tracheae in the Arachnids also (Pseudoscorpiones, 
Solifugae, Opiliones, etc) may be provided with a spiral thread, and may thus 
show a really striking agreement in structure with the tracheae of the Insecta, 
etc. We have already explained that we cannot accept such a view, 1)ut assume 
a separate origin for the respiratory organs of the Arachnida. It should further 
be mentioned that the tracheae of the Araneae have no spiral thread, but fine 
spines on their chitinous lining, these latter occurring in the same way in lungs. 
Another structural peculiarity which distinguishes the tracheae of the Arachnida 
from those of Insects, and which is also met with in lungs (Fig. 40, /), is found 
in the fine fibres of connective tissue which run out from the tracheae, and 
become inserted in other portions of the body. These are always said to be 
wanting in the tracheae of the Myriopoda and the Insecta (MacLeod, No. 10). 

The co-existence of lungs and tracheae in the abdomen of the Araneae was 
regarded by Leuckhart (No. 8) as due to the relative amount of space in the 
anterior and posterior parts of the Araneid abdomen. The broad anterior 
portion of the abdomen admits of more massive development of the respiratory 
organs, while the elongation of the posterior part determines their greater length 
and wider distribution. There is here, therefore, only a partial transition to 
tracheal respiration, while in other Arachnida the tracheal system alone is 
developed. 

E. The Spinning Glands and the PolBon Glands. 

The spinning glands arise as invaginations of the ectoderm on 
the fourth and fifth pairs of abdominal limbs, which are tmnsfoi-med 
into the spinning mammillae (Morin, Locy, Jaworowski). [These 
two pairs of abdominal appendages acquire, at an early, period, a 
biramose form, each, like the primitive appendages of the Crustacea, 
consisting of an axis to which is attached an inner endopoditc and 
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an outer exopodite (Jaworowbki). Spinning glands may develop on 
both rays, and it is thus suggested that the primitive number of 
spinning mammillae was eight. Xo existing Spiders are known in 
which these eight mammillae are fully developed as functional organs ; 
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Fio. 41.— Longitudinal sections through embryos of Theridium maculatum at different stages 
(after Morik). a, anus ; hi, blood-corpuscles ; d, yolk ; dz, yolk-cells ; g, brain ; fc, heart ; 
hepatic lobes ; m, mouth ; mrf, rudiment of the enteron ; mu, muscles ; n, ventral ganglia ; 
r&, rectal vesicle ; «, indication of external segmentation ; «p, splanchnic layer of the 
mesoderm ; vd, stomodaeum. 

in Liphistivs (Pocock), however, the full number are present, but 
only the four external ones (exopodites) possess functional spinning 
glands. In the Dipneumones, we find present six functional mam- 
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millae, the four large ones being derived from the exopodites of the 
fourth and fifth pairs of abdominal appendages, while the small inter- 
mediate mammillae are derived from the endopodites of the fifth pair, 
the endopodites of the anterior pair l)eing either altogether wanting 
or else concerned in the formation of the crihellum or coUulus 
(Jaworowski, Thorbll, Pocock). Keduction appears to have gone 
furthest in the Tetrapneumones, where it is stated that only four 
spinning mammillae are present, possibly representing the exopodites 
and endopodites of a single pair of abdominal appendages. In all 
cases, the exopodites exhibit segmentation which is wanting in the 
endopodites. There can be no doubt that both structurally and 
developmen tally the mammillae are true limbs.] The spinning glands 
themselves must, as already stated, be regarded as crural glands, and 
the same significance must be ascribed to the poison glands, which 
arise as ectodermal thickenings at the tips of the chelicerae and grow 
inward from that point (Schimkbwitsch). 

F. The Intestinal Canal and its Appendages. 

The stomodaenm has already come under our observation as an 
invagination occurring early between the cephalic lobes, near their 
posterior margin (Fig. 28 B, p. 52). This invagination lengthens 
posteriorly (Fig. 41 A and B), and becomes diflferentiated into the 
pharynx, the oesophagus, and the sucking stomach. Strong muscle - 
strands, inserted upon the first and last of these, run to the body- 
wall (Fig. 41 A and B, mu). These are : a strand running from the 
pharynx to the dorsal part of the cephalo-thorax, another running 
from the sucking stomach in the same direction, and two lateral 
muscles extending from the latter to the edges of the sternal plates. 

The proctodaenm, like the fore-gut, consists of several sections. 
It appears at a late stage, when the flexure-reversal is already far 
advanced, from an invagination of the last segment (Fig. 41 A, a), 
and grows forward ; widening anteriorly, it gives rise to the rectal 
vesicle* (Fig. 41 ^, rh\ while a short posterior portion, the true 
rectum, remains tubular. 

♦ [The rectal vesicle, or stercoral pocket, usually regarded as a derivative of 
the proctodaeum, was stated by Kishinouye (No. 62) to arise from the meso- 
derm. Recently he has re-investigated this point, which, as he states, is 
inexplicable, and has been forced to the same conclusion. He finds in Lycosa 
and Agalena a maximum of fifteen pairs of mesodeim-segments and cavities : 
and just after the degeneration and fusion of the three posterior abdominal 
segments a new unpaired cavity appears in the mesoderm of the caudal lobe, 
and from this the stercoral pocket arises (App. to Lit. on Araneae, No. VI.). 
Laurie finds in Phrynus (App. to Lit. on Pedipalpi, No. L) that the stercoral 
pocket is derived from the enteron ; he thinks that Kishinouye was misled by 
the involved condition of the entoderm in the Araneae. He agrees with this 
author that this organ does not arise from the proctodaeum. — Ed.] 
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The enteron in the Araneae arises from the entoderm-cells which 
are distributed in the yolk. It begins to form at the posterior 
end of the body, and in this respect there is a resemblance to the 
Scorpiones ; but a similar rudiment soon (or perhaps simultaneously) 
appears in the anterior part of the body (Fig. 41-4 and B, md). 

At a late stage of development, only a few days before hatching, 
there appears at the anterior end of the proctodaeum an accumulation 
of entoderm-cells (Fig. 41 A, md), which soon become arranged 
regularly at the periphery of the yolk to form an epithelium. There 
thus arises a trumpet-like structure, closed posteriorly and open 

anteriorly, which is 

^ the posterior part of 

the rudiment of the 

enteron (Fig. 41 J?, 

» md). A structure in 

«.! all respects similar 
appears anteriorly at 
the blind end of the 
s tomodaeum (md). 
This also arises from 
the yolk-cells, which 
have greatly increased 
^'' in number. The 

< enteron is completed 

^^. when the two parts, 

Fio. 4«.— Trangverse section through the abdomen of an which grOW OUt 

''^?'^?f,i''^I-'^'*^T!^^'''**iK''T^- '^'^?^*" towards each other 

cells ; /, folds of the splanchnic layer ; A, heart ; m, muscles ; . 

M>, somatic, sp, splanchnic layer of the mesoderm. with their wide-open 

ends, finally unite. 
The stomodaeum and the proctodaeum then fuse with the enteron. 
But before this happens another more complicated structure, the 
liver, makes its appearance. Even before the development of the 
enteron began, a considerable number of folds (Fig. 42,/) appeared 
in the splanchnic. layer of the mesoderm, which (in the absence of 
the entodermal epithelium) lay directly on the yolk. These folds 
grow into the mass of yolk, almost completely isolating certain 
complexes from the principal mass (Fig. 41, I). In these isolated 
yolk-complexes the formation of the epithelium is said to take place 
later in the same way as in the main mass itself, viz., by the yolk- 
cells coming to the surface, and becoming arranged in a regular 
layer (?) The epithelium thus formed now lies close under the 
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splanchnic layer of the mesoderm. At the points where the isolated 
complexes remained connected with the principal mass of yolk, the 
afferent ducts of the liver arise. The lobed structure of the latter 
results from further bulgings of its wall. There appears to be some 
^confusion regarding the origin of the caeca of the thoracic gut, they 
are probably entodermic (c/. p. 91). According to Locy, these caeca 
of the stomach extend (in Agalena) into the bases of the limbs, a 
feature which would strikingly recall the Pantopoda. 

The final shaping of the intestine does not take place until a late 
stage. When the Araneid hatches, the two principal rudiments of 
the enteron have not yet united; the chief part of the yolk is 
still present, and the young animal cannot therefore feed indepen- 
dently during the first part of its free life. 

The formatioii of the intestine is treated in a somewhat similar manner by 
Loot and by Morin, whose accounts are also in general agreement with those of 
Balfour and Schimkewitsch. The few points on which these authors differ 
•are not important. We must, however, devote some attention to an important 
appendage of the intestine, the so-called Malpighian vessels, as to the origin of 
which authors differ. 

Two long tubular appendages of the intestine, opening into it 
almost at the point where the metenteron passes into the proctodaeuni, 
are regarded as Malpighian vessels. In describing the formation of 
the proctodaeum, it was mentioned that it widens to form the rectal 
vesicle, also known as the cloaca. In Agalena, in which this point. 
has been best investigated, the rectal vesicle lies dorsally, for the blind 
«nd of the enteron becomes connected with the ventral wall of the 
proctodaeum somewhat far back, so that the greater part of the vesicle 
lies in front of the junction of these two parts of the intestine. In 
Theridium and PTiolcus, however, the enteron opens into the anterior 
«nd of the vesicle, if we may judge from Morin's figures (Fig. 41 Ji). 
It appears to be very difficult, after the union of the enteron and the 
proctodaeum, to decide to which of these the different parts belong. 
This accounts for the different opinions of various authors as to the 
point at which the Malpighian vessels originate. While Balfour, 
ScHiMKBWiTSCH, and MoRiN state that they arise from the procto- 
daeum, LocY and Loman consider them to be of entodermal origin. 
The statements of these last two authors are more definite than tliose 
of the other writers named above, the former having paid k\^s 
special attention to this point 

Locy states with considerable certainty that the Malpighian vessels arise from 
the tubular section of the posterior nidiment of the enteron, and Loman founds 
his decided opinion of their entodermal nature on the histological constitiiti«iii 
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of the intestine and the position of these vessels in the adult. We cannot, 
however, regard this point as fully established, although our own investigations 
made the entodermal character of the tubes appear highly probable. • Further, 
it has been definitely stated that the Malpighian vessels of the Scorpiones arise 
from the entoderm (p. 20), and we regard the statements made as to their ecto- 
dermal origin to be far less trustworthy. 



a. 



Id. 



dr 
mtc 

Fig. 4S.— ^, longitudinal sections. B and C, transverse sections through young embryos of 
Thei-idium viaculatum (after Morin). b, blastoderm; hi, blood-corpuscles; d, yolk; ds, 
yoilc-cells ; ec, ectodenn ; kl, cephalic lobe ; mes, mesodenn ; si, caudal lobe ; I-VI, Qrst six 
segments. ^ 

The derivation of the so-called Malpighian vessels from mesodeim -strands, 
and that of the rectal vesicle from an unpaired coelomic sac belonging to the 
caudal region (Kishinouye, No. 62) are, from what we know of the manner of 
origin of these vessels, so improbable that we need not enter further upon it.t 

* In sections of young Araneids {Tegenaria domestica), which were kindly 
placed at our disposal by Dr. A. Brauer, the formation of the intestine followed 
the course described above for Agalena ; the posterior trumpet-shaped rudiments 
of the enteron had already opened ventrally into the proctodaeum. It appeared 
exactly as if the Malpighian tubes arose from an entodermal part, but this point 
can only be decided with certainty at a somewhat earlier stage when the enteron 
and the proctodaeum are not yet united. From the length of the tubes at the 
stttces under consideration, wo may conclude that their rudiment is to be found 
earlier. 

t [See foot-note, p. 81.— Ed.] 
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Should it be proved that the Malpighian vessels belong to the 
enteron, we should have another argument against a close relationship 
between the Arachnida on the one side, and the Myriopoda and 
Insecta on the other. The Malpighian vessels must then be regarded 
as resembling the appendages of the enteron in some Crustaceans, 
and could no longer be compared with the synonymous vessels in the 
Insecta. 

The Mesodermal Structures. 

The still unsegmented germ-band (Fig. 23 C, p. 46) becomes 
distinguished from the rest of the blastoderm partly by the cylin- 
drical nature of 
the ectoderm-cells, 
and by the growth 
of the subjacent 
mesoderm - layer. 
This latter is at 
first a continuous 
band, which, as a 
single layer, occu- 
pies the whole area 
of the germ-band 
(Fig. 43 B). It, 
however, soon 
becomes multi- 
laminar by active 
increase of its 
cells, and now 
undergoes differ- 
entiation into two 
mesoderm - bands 
divided by a slit, 
which appears along the middle line (Balfour, Locy). This 
occurs at a time when the germ -band externally shows division 
into six segments (Fig. 25 J, p. 48, and Fig. 43 A and C). The 
external segmentation seems to precede internal segmentation; this 
latter, however, soon takes place, the mesoderm-bands breaking up 
into the primitive segments in which the segmental cavities appear 
(Fig. 43 A and C), Spaces, entirely free from mesoderm, occur 
between the consecutive primitive segments (Schimkewitsch, Morin, 
Fig. 43 A). In the cephalic region, and especially in the caudal 
region, where the differentiation of the mesoderm into primitive 



Fio. 44.— Longitudinal section through an embryo of AgaUna 
labyrinthica^ somewhat at the same stage as in Fig. 27 (after 
Balfour). The section is taken slightly to one side of the 
middle line to show the extension of the primitive segments 
into the limbs. In the centre is the yolk with the yolk-cells, 
do, the small portion of the yolk not covered by the germ- 
band ; pr.l, cephalic lobe ; 1-16, the botly-segments ; 1, cheli- 
cerae ; S, pedipalps ; 5, first pair of legs, etc. 
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segments occurs last, the two mesodemi-bands are connected. 
Differentiation takes place from before backward, except in the 
most anterior segments, which, as already mentioned, in the Araneae 
as well as in the Scorpiones, become distinct somewhat later than 
the following cephalo- thoracic segments. The number of the primi- 
tive segments corresponds to that of the body-segments, one pair 
of the former occurring in each of the latter. The cephalic lobes 
also contain pairs of primitive segments, as the descriptions of 
Balfour, Morin, and Kishinoutb undoubtedly show. Here, again» 
we have a resemblance to the Scorpiones (Fig. 13-4, p. 22). In 






Fig. 45.— Transverse sections through embryos of Theridium maculatum (after Morin). In A, 
the embr>-o, which is curved round the yolk, is cut through twice ; the thoracic limbs and 
primitive segments can be recognised below, while the abdominal primitive segments are 
soen above. J5, cross-section through the abdomen of an older embryo, in which the primi- 
tive segments have increased in size, hi, blood-corpuscles; d, yolk; dz, yolk-cells; «r, 
limbs ; /, lung invaginations ; n, rudiment of the chain of ganglia ; us, primitive 
segments. 

the cephalo-thorax and also in the abdomen, as far as the latter 
possesses appendages, the primitive segments extend into the limbs ; 
indeed for the time they withdraw almost entirely into the limbs 
(Figs. 44 and 45 A). The mesoderm-bands naturally also take part 
in the displacement undergone by the two halves of the germ-band 
in consequence of the pressing forward of the yolk-mass to the 
ventral side. Whereas they formerly lay near the ventral median 
line (Fig. 43 C) they now appear removed from it, and divided by 
tlie so-called yolk-sac (Fig. 29 A, p. 53). The segmental cavities 
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increase considerably in size, the primitive segments extending 
towards the dorsal side (Fig, 45 B). This process exactly corre- 
sponds to that we have already met with in the formation of the 
coelom in the Annelida (Vol. i., p. 289). 

The following are the derivatives of the primitive segments: — 

1. The somatic layer gives rise to the body -musculature (as 
thickenings near the ventral middle line of the abdomen), the two 
strong longitudinal muscles being specially noteworthy, and also 
to the subcutaneous connective tissue. According to Sohimkbwitsoh, 
the endoskeleton also is derived from the somatic layer, but this 
statement we give with reserve. The covering of the parts arising 
through invagination of the ectoderm (stomodaeum and proctodaeum, 
lungs, glands), together with their musculature, thus the strong 
musculature of the stomodaeum, already mentioned, is also derived 
from the somatic layer. 

2. The splanchnic layer gives rise to the covering of the enteron, 
the blood- vascular system, and the genital organs. 

The coxal glands are probably related to the mesoderm and coelom, 
as in the Scorpiones (pp. 24 and 92), [cf, Brauer and Purcbll], 

G. The Blood-vascular System and the Body-cavity. 
The Blood-vascular System. At a time when the limbs have 
already developed, there appear, above the primitive segments, 
between the ectoderm and the yolk, large round cells (Fig. 45 A 
and B, N), concerning whose origin there is considerable diflference 
of opinion. 

Balfour derived these cells from the yolk-cells. To the latter he also traced 
the origin of the dorsal mesoderm (Fig. 29, p. 63). This last assumption was 
refated by Schimkewitsch, Logy, and Morin, who agree in stating that the 
primitive segments extend to the dorsal middle line. The cells which, at later 
stages (Fig. 29), are found dorsally, as in Figs. 45 £ and 46, therefore belong 
to the primitive segmeuts. But, besides these, there are the large round cells 
mentioned above (Fig. 45 A and ^, bl), and with regard to their origin, 
ScHiMKEWiTSCH and Locv agree with Balfour, deriving them from the 
yolk-cells. Kishinouye has recently adopted the same view, which seems 
in accordance with the constitution of these cells. They are much larger than 
the cells of the primitive segments (Fig. 45 A and B) ; we might, nevertheless, 
like Morin, derive them from these, and assume that they had separated from 
the primitive segments in an early stage, when the cells of these segments were 
themselves larger. Better nourishment near the yolk as the cells increased 
in nnmber would also determine increase in size. Tliis view is further supported 
by the fact that they are found in the cavities of the primitive segments 
(Schimkewitsch). This latter author, indeed, thinks that they reach these 
cavities from the yolk by breaking through the wall of the segment, but this 
view seems improbable. 
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So long as the origin of the isolated cells lying between the 
ectoderm and the yolk is not definitely established, we may regard 

them as mesoderm-cells, 
U. h. and we are especially 

inclined to consider 

them as derivatives of 

I the yolk-cells from a 

comparison with simi- 
larly related cells found 
5 p. in the Vertebrata, which 
so. are there undoubtedly 
derived from the yolk. 
These isolated cells 
P'"^' eventually become 
[,« blood-corpuscles. They 

^ collect dorsally during 

the upward growth of 

Pio. 46.— Cro«s-aection through the abdomen of an embryo , ' •■i.- 
ot Pholcus phalangioides (Atter Uonis). 6(7, ventral chain tue primitive Segments 
of ganglia; bl, blood-corpuscles; d, yolk; dz, yolk cells; (Fig. 45 JB) and aS 
h, heart; to, somatic, «p, splanchnic mesoblast; sp.w, . ' , 
spinning mammillae. they presS SOmewhat 

closely against one an- 
other, they form (especially in the abdomen) a compact strand of 
cells which prevents the junction of the primitive segments in the 
dorsal middle line (Fig. 46, bl). Subsequently the mesoderm grows 
between this strand and the ectoderm, and thus the two primitive 
segments meet to form a partial dorsal mesentery. At a later period, 
the walls of the primitive segments grow between the yolk and this 
strand of cells, and unite with one another below the latter (Figs. 46 
and 47 A). This strand of cells has consequently become enclosed 
by a layer of mesoderm having the form of a longitudinally-placed 
tube, which is at first attached to the somatopleure above and the 
splanchnopleure below. The tube soon loses its connection with its 
parent mesoderm (Fig. 47 B), and we now find a continuous layer of 
mesoderm (somatopleure) lining the ectoderm, while another layer 
covers the yolk (splanchnopleure) ; between these two layers is the 
body-cavity, in which the mesodermal tube now lies freely. This 
tube is the heart, and, so far as can be judged, it is formed directly 
from the walls of the primitive segments (Schimkewitsch, Locy, 
MoRiN (Fig. 47 A and B)), As a consequence of the development of 
the heart, the primary continuity of the cell-elements of the 
primitive segments becomes interrupted at this point (Fig. 47 B). 
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(Compare with the development of the heart in the Annelida and 
in the MoUusca.) 

The isolated cells which had become grouped together into a strand become 
blood-corpuscles. Their crowded condition and their extremely close connec- 
tion with the walls of the primitive segments suggested the idea that the 
heart was derived from a solid mesodennal strand extending along the dorsal 
middle line (Balfour), but this view cannot be verified ; the foimation of the 
heart may he directly compared with the similar process in the Annelida. The 
cavity of the heart corresponds to a part of the primary body-cavity, enclosed on 
ea^h side by the primitive segments. 




Fio. 47.— TiftDBverse sections through the abdomen of embryos of Theridium wiocuZafum, 
showing the formation of the heart (after Morin). hi, blood-corpuscles ; c, coelomic cavity ; 
d, yolk ; dz, yolk-cells ; ec, ectoderm ; h, heart ; so, somatic, »p, splanchnic mesoblast. 

The heart lies in a depression of the yolk (Fig. 47 B). The 
latter is covered only by the splanchnic layer of the mesoderm, as 
the entodermic epithelium is still wanting. From this part of the 
splanchnopleure, a mesodermal lamella is said to separate and grow 
round the heart to form the pericardium (Schimkewitsch). The 
alary muscles of the heart are then formed from the somatic 
mesoblast. The pulmonary veins arise as outgrowths of the peri- 
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cardiuiD, while the anterior and posterior aortae, as well as the 
lateral arteries, originate as prolongations of the heart or as out- 
growths from it (Schimkbwitsch). 

While the cavity of the heart appears to he a part of the primary body-cavity^ 
the pericardial space, according to Schimkewitsch, corresponds to a part of 
the secondary body-cavity. The pericardium in the Arachnida forms a tube, 
and is not comparable with the synonymous structure in the Insecta. But 
before we can make any definite statement as to the nature of the pericardium 
we must have a more exact account of its origin. 

The Body-cavity. In the Arachnida, as in other Arthropoda, the 
blood-vascular system is not separated from the hody-cavity, but 
the latter is directly connected with the circulation of the blood. The 
method of development of the body-cavity in the Arachnida is, 
however, strikingly different from that in the Crustacea, Myriopoda, 
and Insecta. While, in these latter, the primitive segments are not 
large and soon undergo degeneration, in the Arachnida they are 
almost as largely developed as in the Annelida (Figs. 45 and 46). 
The primitive segments are also highly developed in Peripatus to 
begin with (Fig. 100), but this form resembles the Insecta in that 
the segments very soon cease growing, and after a rich growth of 
cells undergo early disintegration. The adult body-cavity forms (as 
a pseudocode) outside the primitive segments. In the Arachnida 
it forms somewhat differently; it is, however, difficult, from the 
statements before us, to arrive at a satisfactory judgment, since 
little stress has until now been laid upon this point. It is certain, 
however, that the primitive segments are of considerable size even at 
a somewhat advanced stage of develapment (l?igs. 46 and 47). 
Between the somatic and splanchnic layers of each primitive 
segment there is a rather large cavity, and we must assume that 
when the union of the segmental cavities takes place this passes 
direct into the adult body-cavity. It is true that here, also, the 
body-cavity would not retain the coelomic epithelium up to the last, 
but the wall of the primitive segments would also break up (Figs. 
47 A and B^ 41, p. 80, 42, p. 82), yielding the muscular and con- 
nective tissue elements, so that at last, in the Arachnida, a condition 
would be reached similar to that attained at a much earlier stage in 
the development of the Crustacea, Myriopoda, and Insecta. 

The segmentation of the mesoderm begins to disappear when the 
primitive segments have grown to a considerable size and the 
embryo itself is near the stage illustrated in Fig. 27. The segmental 
cavities unite in the cephalo-thorax and the dividing walls (dissepi- 
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ments) gradually disintegrate, the cells falling into the body-cavity 
(Schimkewitsoh). These cells probably give rise to blood-corpuscles. 
The primitive segments of the cephalic lobes seem already to have 
fused with those of the cheliccral segment, at least Schimkewitsch 
speaks of a connection between the two which, however, he explains 
in another way. 

If we understand Schimkewitsch rightly, he assumes that the pair of 
primitive segments in the cheliceral segment arise by division from the pair 
in the head ; we should be more inclined to assume the opposite of this, i.e., 
an extension of the first trunk-segment into the cephalic region. It, however, 
appears from the accounts and figures before us that the cephalic and cheliceral 
negnients undoubtedly have separate primitive segments. A union of these two 
pairs of segments, like that described by Kleinknberg for Lumbricus, would 
then take place. 

The two segmental cavities of the head become united; such a 
union of the cavities of the two sides must take place in the trunk 
also as a result of the processes described in connection with the 
formation of the heart (Fig. 47). This at least applies to the dorsal 
side ; on the ventral side, the primitive segments are at first still far 
apart (Fig. 46), but they shift gradually towards the middle line, so 
that they finally extend round the whole mass of yolk. In the 
abdomen the primitive segments remain separate longer, a fact 
which is in keeping with their later differentiation. Even when 
they are fused together, the mesoderm represents two extensive 
layers passing into one another — an outer or somatic layer and an 
inner or splanchnic layer; between these is the secondary body- 
cavity (Schimkewitsch). 

From the splanchnic layer, the folds already mentioned in con- 
nection with the formation of the intestine grow into the yolk 
(Fig. 42, p. 82), in this way cutting ofif from it isolated masses 
which correspond to the later hepatic lobes. We should like here 
to draw special attention to the important fact that the yolk is so 
long a time bounded solely by mesoderm (Figs. 46 and 47), and 
that the epithelium of the enteron develops very late (Fig. 41, p. 80); 
indeed, the mapping out of a large part of the enteron, that of the 
liver, seems to be commenced by the mesoderm. 

Whether the distribution of these folds corresponds to a true segmentation 
appears doubtful, although this might be indicated by the appearance of four 
lateral folds in the cephalo-thorax. It appears that these correspond to the 
thoracic caeca of the enteron (?), for in the abdomen also a number of folds 
occur, and it is these principally that give rise to the form of the liver (Morin). 
The folds which penetrate the yolk not only come from tlie side, but from 
above and below, and thus represent oblique as well as longitudinal layers 
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(Schimkewitsch), so that it is impossible to trace them back, as Balfouk 
attempted to do, to the partition walls of the somites. 

A structure resembling the fat-body of the Insecta which is present in 
the body-cavity (Ray Lankkster's lacunar blood-tissue) is, according to 
Schimkewitsch, formed, like some of the blood-corpuscles, out of the yolk- 
cells which immigrate into the body-cavity, and these cells also are said to 
become arranged into a " peritoneal " layer, which envelops the internal organs. 
In both cases we should, after what has already been said, feel disposed to 
derive these structures from the mesoderm, i.<;., from the primitive segments, 
although such a derivation would have to be established by further researches. 
Where a peritoneum is present, it would be of interest to learn its relation to 
the primitive coelomic epithelium. 



(Do. 




Fio. 48.— Portions of transverse sections of Pholcns phalangioldes (A) and Lycota saceata {B 
and Oi through different regions of the abdomens of embryos (after Schimkewitsch). 
bl, blood -corpuscles or detached niesodenn-cells ; c, ectodermal covering of the body; 
g (and glX portions of the genital glands descending to the ventral side ; m, median portion 
of the rudiment of the ventral cord; mu, muscles; n, rudiment of the ventral cord; 
so^ Homatic, sp, splanchnic layer of the mesoderm. , 



H. The Oozal Qlands. 

The coxal glands, which we shall describe as they are found in 
the already hatched Araneid, show great resemblance to those of 
Scorjno, and no doubt arise in the same way as in that animal. 
An actual efiferent duct has for the most part only been proved to 
exist in young Araneids, where it opens at the base of the fifth 
pair of appendages (Bertkau, Xo. 51). In the young of AtypuSy 
Bbrtkau found, on the anterior pairs of limbs, i.e., third and fourth 
pairs of appendages, slits corresponding in appearance and position 
to the apertures of the coxal glands on the fifth pair, and this led 
him to conclude that there were originally several pairs of these 
glands. 
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Kishinotjye's derivation of the coxal glands from an ectodermal invagination 
which lengthens into a tube is not only incompatible with their origin in the 
Scorpion from the mesoderm (p. 24), but also with their relation to the body- 
cavity. According to Kishinoute's own statement, the tubular rudiment of 
the coxal gland opens at its inner end in the shape of a funnel into the coeUyniy 
80 that the accepted view that these glands are nephridia is confirmed, provided 
the accounts given are correct. If these glands are ectodermal in origin, then 
they must be regarded, not as coxal, but as crural glands, and we would expect 
them to end blindly. Sturany (No. 14), the most recent investigator of the 
coxal glands in the Arachnida, considers them to be nephridia. If his con- 
jecture that they end in a terminal sac as in the Crustacea proves correct, the 
latter would no doubt corresjwnd to a part of the body-cavity. We refer the 
reader to our account of the coxal glands in the Scorpiones (pp. 24 and 87). 

I. The Genital Organs. 

According to Schimkbwitsch, the genital organs arise in the 
anterior part of the abdomen, within the two longitudinal folds of 
the splanchnic layer, which have risen up into the yolk from the 
ventral side. In the median layer of each of these folds an ovoid 
thickening appears (Fig. 48 A). This consists of large central and 
flat peripheral cells, the latter representing an enveloping epithelial 
membrane (Fig. 48 B). The anterior end of the rudiment curves 
round towards the ventral side, and is said to correspond to the 
efferent ducts, while the rest represents the germ-glands. When 
the young Araneid hatches, there is still no communication between 
the efferent ducts and the exterior; this is established later by 
means of an ectodermal invagination (Schimkewitsch). 

[PuROELL (App. Lit on Araneae, No. VII.) traces the ducts to tubular growths 
of the abdominal mesodermal segments ; the openings of these ducts into the 
coelom become connected with the genital cells which grow forward from the 
posterior end of the germ-band. Similar structures develop in all the abdominal 
appendages, but only those on the second segment jiersist. He regards them as 
modified nephridia.] 

VII. Acarina. 

Oviposition. The majority of the Acarina lay eggs, a few (e.^., 

Hcdarachne) are said to be viviparous. Some (e.^., Scutovertex) 

appear to be viviparous at certain times of the year and ovo- 

viviparous during the remainder of the season, others are habitually 

ovo-viviparous. The Acarid egg is surrounded by a more or less 

strong shell, sometimes covered with prominences; in many species 

this protective shell is extremely thick and traversed by fine pore- 

oanals.* The eggs are deposited in various places, according to the 

• [According to Troussart (App. to Lit. on Acarina, No. VII.), the female 
of Syrinffobia ehelopus among the ^numicolous Sarcoptidae at times reproduces 
parthogenetically ; the eggs thus produced in the absence of males nave no 
shells. — Ed.] 
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habits of the parent. They are found in decaying wood, in damp 
earth, on the under surfaces of stones, in dung-heaps, on leaves, 
fruit, etc. Some, but by no means all, parasitic forms lay their 
eggs on or in the body of the host. The eggs are at times laid in a 
heap, at other times separately; in the latter case they are often 
stalked ; those of Myohia musculi have a process at the posterior pole 
by which they are attached to the fur of the mouse. According 
to Hallbr, many OribcUidae carry their eggs attached to their backs, 
others are said to lay them in a part of their cast-off chitinous 



Fio. 49.— Cleavage and formation of the blaatoderin in the egg of Tetranychus telariiu (after 
CLAPARfeDS, from Balfour's Text-book). The yolk-grannlea are represented by clear clpcle« 
(in A and D). The nuclei, with the clear areas of protoplasm around tliem, are much larger 
than the granules. C, an egg in the stage of blastoderm-fonuation. 

integument.* The form of the eggs is most commonly elliptical 
(Fig. 50), sometimes oval, and more rarely globular (Fig. 49), or 
even discoidaL For their size, they are richly provided veith food- 
yolk. 

1. Embryonic Development. 
The embryonic development in these eggs is difficult to follow 
on account of their minute size, and is therefore not well known. 

* [Neither of these assertions is quite correct. The carrying of the eggs is 
almost entirely confined to the genus Datrmens — it is most commonly the 
immature individuals, not the adults, which pile the e^^-^ on their bacKs; it 
is manifest that at this period they cannot have any eggs of their own to carry. 
Wliat happens is that the larvae are born with soft abdomens, and have the 
instinct of piling upon their backs dirt, rubbish, etc., as a protection ; they will 
pick UD and carry the eggs and empty egg-shells, from which they may them- 
selves nave emerged, but they will equally pick up and carry the eggs of other 
Acarina. The statement concerning the eggs being found in tlie cast integument 
has never been confirmed, and is very doubtful. —Ed. ] 



Digitized by 



Google 



EMBRYONIC DEVELOPMENT. 95 

Cla parade's account (No. 77) is still the most complete.* According 
to this writer, in TetranyehiLS telarius, the nucleus, surrounded by 
formative protoplasm, rises to the surface of the yolk (Fig. 49-4) 
and soon divides. Eepeated division (Fig. 49 B) gives rise to a 
large number of nuclei, each surrounded by an area of protoplasm. 
The nuclei remain lying at the surface of the egg, and by increasing 
still further in number, they, with the protoplasm around them, give 
rise to the blastoderm (Fig. 49 C), 



Fio. 50.— Bmbryonic development and formation of the flrat larval integument in Afyobia 
mvKuli (after CLAPAHfeDs, fh)m Balpoub's Text-hook). In D, the egg-integument has split, 
and the embryo, sorronnded by the first larval integument, is in the act of leaving the egg. 
rA, chelicerae ; jxf, pedipalpt ; p^i^, the first three i>Airs of limbs ; pr, proboscis (which 
has arisen through the ftision of the chelicerae and the pedipalpt); si-r*, four post*oml 
segments. The yolk is represented by the darker area. 

According to Robin and M^gnin (No. 104), total cleavage occurs in the 
€gg8 of the Sarcoptidae, The egg, while still in the oviduct, was seen to break 
up into four cleavage-spheres. This, if correct, reminds us of the condition 
descril)ed in the Araneid egg, which, however, does not there lead to the 
complete division of the egg into cleavage-spheres. Total cleavage is said to 
be undergone also by the egg of Cliclifer (p. 28), and the same has been main- 
tained, at least at a later stage, of the eggs of the Opiliones also (p. 32). 

The blastoderm was examined in a number of Acarina, and always 
consisted of a thin single layer of cells enclosing the yolk. As it 
develops further, thickenings take place at points corresponding to 
the future ventral surface, especially in the cephalic and caudal 
regions. The germ-band thus arises here (Fig. 50 B) in the same 
way as in other Arachnids. At first it is an equally thickened 

• [Henking*8 account is perhaps more correct — Ed.] 
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band, but later it breaks up into two symmetrical halves, a ridge 
of yolk pressing outwards in the median line. Here also there is 
agreement with the Araneae. The germ-band soon becomes segmented 
(Fig. 50 A), The cephalic lobe, which, in Myobia as in the Araneae, 
curves over to the dorsal side (Fig. 50 B)^ and the caudal lobe 
become segmented off from the trunk. The part lying between 
them, which corresponds to the cephalo-thorax, is divided up into a 
number of segments, the truncated rudiments of the mouth-parts 
and limbs soon appearing on these (Fig. 50 B), This segmentation 
is less distinct in other Acarina, and, as is well known, eventually 

disappears. The abdomen is still 

—a i* comparatively large in such an 

embryo; in many Acarina it is 

much reduced, or is united to 

p^.p the cephalo-thorax. 

Before development has pro- 
gressed thus far, a delicate struc- 
tureless integument separates, in 
Atax^ from the embryo, and 
An surrounds it, like a second egg- 

i\ integument, in the form of a 

g closed envelope (Fig. 51, dm). 

In other Acarina, this process 

Fio. 61.-Eiiibryo of Atax Bonzi surrounded Qjjy ^^keS place later, whcu the 
by the deutovum and the egg-sheU (after , . t^ , , , 

CLAPARfeDK). ch, cheiicerae ; d, yolk ; dm, limbs are already present, so that 
deutovum ; ch, ^-sheii ; ki cephalic ^hese are found on the envelope 

lobe ; Pi-Ps, the three pairs of limbs ; pcd^ ^ 

pedipaipe ; si, caudal lobe. in the form of sheaths surround- 

ing the actual limbs (Fig. 52, dm). 
This delicate envelope, though separated from the embryo, is thus 
seen to be a true larval integument. 

The embryo is now enclosed in a double envelope, and the dorsal 
surface which, up to this period, showed little signs of development, 
being covered only by a thin cell-layer, now commences to develop 
by the growth of the mesodermal elements towards this surface. 
The yolk for some time longer retains its former appearance (Figs. 
50-53), but we must no doubt assume that the formation of entoderm 
has already begun. Nothing certain is as yet known of the develop- 
ment of the germ-layers and the rudiments of the organs in the 
Acarina. The limbs of the embryo lengthen (Figs. 51 and 53 ^4) 
and become segmented (Fig. 52). In the stage depicted in Fig. 51, 
and more especially in the following stages, the embryos of many 



Digitized by 



Google 



THE FORMATION OF THB LARVAL INTEGUMENTS. 97 

Acarina show great resemblance to those of the Araneae (Figs. 51 
and 57-4). The chelicerae and pedipalps unite to form the proboscis 
(Fig. 53).* The abdomen (in AtcLx) now decidedly preponderates 
over the anterior part of the body (Fig. 53). There are only three 
pairs of limbs when the embryo breaks through its envelopes and 
begins free life (Figs. 51-53, Pi-p^. We thus find, in the Acarina, 
a larval stage with only three pairs of limbs, as distinguished from 
the four pairs of the nymph and of the adult, which, in other 
points of both outer and inner organisation, the embryo greatly 
resembles.t 

2. The Formation of the Lanral Integuments and the 
Further Oourse of Development. 

It was mentioned that, in many Acarina, e,g,, Atax, the embryo 
casts off a cuticidar integument at an early stage when the limbs 
have not yet developed or are only indicated. Claparj^db's deut- 
ovum is thus produced, the embryo within the egg-shell thus 
becoming enclosed in a second envelope (Fig. 51). The resemblance 
of the " deutovum '' with the embryo enclosed in it to an intact Qgg 
is increased by the fact that, after casting off the primary egg-shell 
{eh\ the embryo undergoes further changes in its external form within 
the deutovum. In Tromhidium and Myobia this cuticular membrane 
is cast only after the rudiments of the limbs have appeared (Fig. 52). 
In Tromhidium^ this membrane is provided with appendages which 
surround the limbs like sheaths (Hen kino), but this is not the case 
in Myobia, Here the limbs form in the usual way (Fig. 50 B), but 
when they have grown to a considerable length they become applied 
to the ventral surface of the body, and gradually become flattened to 
such a degree as hardly to project from the surface of the body. 
The whole embryo is once more oval and apparently devoid of 
appendages (Fig. 50 C). At this stage a cuticular membrane becomes 
detached from the embryo, bearing near its antero-dorsal extremity 
(in the nuchal region, according to CLAPARioE) a tooth-like structure, 
composed of two thin chitinous processes closely applied to one 
another. This structure is not well depicted in Fig. 50 C and X>, 

* [This is true of the forms described by Henkino, but by no means holds 
good for all the Acarina, in the majority of which the chelicerae remain as 
perfectly distinct and movable organs. — Ed.] 

t [In the Phytoptidae the adult has only two pairs of legs. The larvae and 
nymphs do not always resemble the adults in other respects, for instance, in the 
Oribatidae, they diflfer essentially in external appearance, and the adult has a 
well-developed tracheal system which is entirely wanting in the larva. — Ed.] 

H 
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where it appears more like a slit (at the left side of the inner 
envelope). CLAPARiiDB thought that the tooth served for splitting 

the envelopes. It thus 
performs the same func- 
tion as the egg-tooth of 
the Araneae (p. 58), hut 
it need hardly he pointed 
out that the difference 
in position of the two 
structures makes it im- 
possihle to homologise 
them. We might rather 
compare the structure 
just described with the 
egg-tooth of theOpiliones 
(p. 33). 

The embryo, sur- 

Fio. 52.— The larv» of TromUdium with six limbs, en- rOUnded by the CUticular 
closed in the deatovum (after Henking). a5d, abdomen ; « 

ch, chelicerae; d, yolk (enteron); dm, deutovum ; membrane, emerges trom 

j)i-j»a, flret to third pair of limbs ; p«f, pedlpalps ; gt, ^^^ effg-shell (Fig 50 D), 
"itigraa"; lit, "priraiUve trachea"; z, Isolated cells , . f i 

beneath the deutovum. which, however, con- 

tinues to surround the 
greater part of it. This recalls the cuticular membrane in the 
Araneae, which forms under the egg-shell and encloses the hatched 
and still motionless embryo. The limbs now grow out again, but 
are reduced as before, and a second cuticular integument is cast off, 
so that the greater part of the egg is enclosed by two integuments as 
well as by the egg-shelL The triiovum of Clapar^db is thus formed. 
Within it the embryo attains the six-limbed form in which it finally 
emerges. 

In the secretion of two envelopes within the egg in Myohia we 
have a specially complicated process. So far as is known, only one 
such envelope usually forms in the egg (Fig. 51). We must probably 
regard the formation of these envelopes as a very early moult, which 
no doubt originally took place during larval life. This view is 
supported by the fact that, in the further course of development, 
several similar moults occur. The embryo may also actually leave 
the egg surrounded by this first larval integument. In Myohia^ 
DamaeuSj etc., the egg-shell is only split so as to allow a part of the 
"deutovum** to emerge (Fig. 50 D\ but in many other Acarina, 
e.g,, Aiax and Ti'ombidium, the egg-shell is quite cast off, and the 
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embryo (or larva) continues to develop, surrounded only by the 
cuticular deutovum (Figs. 52 and 53, A and B), The limbs only 
now become jointed, the eyes appear, and the inner organisation 
becomes perfected (Fig. 53 B), 

The eggs of Atax Bonzi are usually laid on the gills of the Lamelli- 
branch (Unto) in which this Acarid lives for a portion of its life. 
When the embryo is sufficiently mature, it breaks through the 
deutovum and, as a six-limbed larva, passes into the respiratory 
cavity of its host. The larva of most Acarina lead a free life. 



Fig. 53.— Two stages in the development of the hexapod larva of Atax Bonzi enclosed within 
the cQticalar deatovnm (after Clapar&de). au, eye ; cA, chelicerae ; d, yolk ; dm, cuticular 
dentoTnm ; fcZ, cephalic lobe ; Pi-Ps, three pairs of limbs ; pcd, pedipalps ; r, proboscis 
(derived chiefly from the chelicerae) ; «Z, caudal lobes ; z, cells between the body-integument 
and the outer membrane C'haemamoebae"). 



The formation of Urval integuments within the egg recalls the processes which, 
under similar circumstances, take place in the Cnistacea. The early secretion of 
the cuticular envelopes, as, for instance, in Atax, finds its analogue in the 
formation of the blastodermic cuticle in many Cnistacea. The sac-like envelope 
recurs in Ajnis, the embryo of which leaves the egg enclosed in such an envelope, 
4ind within it probably passes through part of its development until it reaches 
the Nauplius stage. There are other Crustacean larval integuments which form 
only at a later stage, as in some Acaiina, and whicli are consequently already 
provided with appendages {cf» Vol. ii., p. 118). 
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The Larva. The hexapod Acarid larva shows a strong general 
resemblance in structure to the adult.* This is especially the case 
when the manner of life of the larva is the same as that of the 
imago, as, for example, in the Halacaridae {Hcdacarus spinifery 
LoHMANN, No. 92). The same resemblance occurs in many Troni- 
hidiidae, while in other members of this family the larvae differ in 
structure from the adult. The larva is chiefly distinguished from 
the adult by the more primitive character of its organisation, 
especially of the segmentation of the body. In the embryo of 
Tyroglyphus sii'o there is, at the posterior part of the cephalo-thorax, 
a distinct division into three segments, which can still be found in 
the larva (CLAPARfeoB). These segments correspond to the pairs 
of limbs. In the larva of Trombidium, the cephalo-thorax showa 
six segments corresponding to the pairs of limbs (Hbnkino). Seg- 
mentation even appears in the abdomen in Trombidium (Fig. 52) 
and the Orihatidae (Hbnkino, Miohabl, No. 97). This part of the 
body is then larger than in i\iQ Gama»u8 larva illustrated in Fig. 54. 
The abdominal segmentation may also be retained in some cases, 
like that of Alycus roseus described by Krambr (No. 89). In this 
Acarid, the abdomen of the adult female is marked out into seven 
distinct segments, and segmentation can also be recognised in the 
thorax. Segmentation of both cephalo-thorax and abdomen seema 
also to take place in members of the genus Tarsonyinua {DendropiuSy 
Krambr, Nos. 87 and 88). 

According to Haller (No. 83) and Oudemans (No. 11), the Acarina possesa 
from three to four pairs of mouth-parts, a greater number than has hitherto 
been assumed. Ontogenetically, however, this ?lew is not supported, as only 
the nidiments of the two well-known pairs of mouth-parts (chelicerae and 
pedipalps) are recognisable (Figs. 51-58). It is now generally admitted that 
Haller was in error in his attempt to prove that the Acarina had two pairs of 
maxillae like the Insecta. 

The frequent appearance of a furrow between the second and third legs has 
le<i many observers to conclude that the part lying behind this furrow belongs to 
the abdomen, and that the two posterior pairs of legs are abdominal appendages* 
There is, however, considerable disagreement on this point, which furtlier is not 
supported by ontogeny. Henkino in particular states that this does not hold 
good for Trombidium^ nor, in his opinion, for any Acarids. These two posterior 
legs are attached to what is commonly called the abdomen ; if the term be 
incorrectly applied, then it appears that the Acarina have no abdomen. 

The mouth-parts of the larva already show the character of those 
of the adult, i.e., the chelicerae,! with the basal parts of the 
pedipalps, unite to form a proboscis (Fig. 53 B). The greater part 

: • [See footnote, p. 97.— Ed.] t [See footnote, p. 97.— Ed.] 
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of each pedipalp fonns a palp. The cavity of the proboscis leads 
into a muscular pharynx, which is followed by the cylindrical 
oesophagus. This latter traverses the central nervous system, which 
{in Trombidium^ Hbnking) consists of a large ventral ganglionic mass 
and a pair of smaller supra-oesophageal ganglia. The oesophagus (in 
Oamams) passes into the spacious metenteron, from which the 
hepatic caeca extend anteriorly and posteriorly (Fig. 54, Is). The 
metenteron narrows again posteriorly and enters the rectal vesicle. 
Here the two large Malpighian vessels {vm\ which have until now 
"been regarded as outgrowths of the proctodaeum, take their rise.* 

If the so-called Malpighian vessels of the Scorpiones and the Araneae should 
prove to be diverticula of the enteron, as may be conjectured (pp. 20 and 83), 
their origin would have to be more thoroughly investigated in the Acarina 
also. Since the proctodaeum in these latter has, as opposed to the enteron, 
a certain independence (Henktno, MacLeod), the question as to the nature 
of these appendages would perhaps be easier to decide in the Acarina. 

The anus lies at the end of the abdcwnen, or, as in Trcynibidium, 
is shifted forward. In Tronibidium there is a constriction in the 
metenteron between the thorax and the abdomen, and at this point 
lie (in the first abdominal segment) two bean-shaped bodies which 
Henkino considers to be rudiments of the genital glands. These 
would therefore at first be paired, and only in the further course 
•of development fuse to form the unpaired genital gland known in 
the adult. 

Among the internal organs we have still to mention the heart, 
which is present in some Acarina though not in all. In Oamcuni^ 
it lies as a rounded organ at the posterior end of the abdomen 
{Fig. 54, h). It has one pair of ostia and passes anteriorly into an 
aorta. It is suspended by the fibres of connective tissue or muscle- 
fibres from the dorsal body-wall. 

The compact form of the heart is connected with the reduction undergone 
by the whole body in the Acarina. Winkler, who lias closely studied this 
question (No. 105), points out that, in the Pseudoscorpiones (young form of 
Obisium silvaticum), the heart is still somewhat long, yet is provided with only 
one pair of ostia (at the posterior end). The heart of the young Phalangid, in 
which two pairs of ostia occur, is also reduced, though to a less degree. 

In the larva of Tromhidium^ between the first and second pairs of 
limbs, there is on each side a crescent-shaped projecting structure 
{Fig. 52, ut) produced by a thickening of the chitinous cuticle. At 

* [This description is probably coiTect so far as Gama.ws is concerned, exce]»t 
perhatM in the question of where the metenteron ends and tlie proctodaeum 
begins, but it must not be applied to all Acarina. — Ed.] 
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the deutovum stage, a funnel-shaped structure joins each of these 
thickenings externally, heing attached at its narrowed end to the 
cuticular deutovum. An aperture is found here (Fig. 52, st), and 
this, together with the crescent-shaped structure at the surface of 



Fio. 54.— Lanra of Gamasits fucorxim (after Wikklcb, ft-om Lako's Text-hook}. 1, chelicerae ; 
a, pedipalps; J-5, ambulatory liinbt; ac, aorta cephalica; g, brain; h, heart; Is, hei>atic 
caeca ; m, muscles (retrnctors of the chelicerae) ; md, met^iteron ; r, rectal vesicle ; vm, Mal> 
pighian vessels. 
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the larva, Heneino is disposed to regard as a stigma.* The aperture, 
by means of the funnel, introduces air into the embryo. When 
ecdysis takes place, the funnel naturally becomes detached from 
the stigma (Fig. 52). Such "primitive tracheae" are found in 
corresponding positions in the larvae of other Acarina as well. 
More than half the Acarina are without eyes in all stages. Some 
of the free-living larvae possess one or two pair of eyes, lying at 
the anterior margin of the brain. Since this latter has shifted far 
back, the eyes also lie far back above the bases of the second pair 
of limbs {Trombidium, Atax, Tetranychvs), The middle part of the 
cephalo-thorax has thus shifted forward beneath the anterior part. 

The Nymph. After the larva has remained in the form described 
for a longer or shorter time, according to its manner of life, further 
changes take place. In At ax Bonzi, the larva bores into the branchicd 
tissue of its Lamellibranch host, and loses its capacity for movement. 
The soft parts now become detached from the chitinous cuticle as in 
a typical ecdysis ; the limbs draw back from their chitinous sheaths 
and become nearly absorbed, remaining however as small knobs. 
The chitinous cuticle itself swells up by the absorption of water, 
and the body, which has secreted a fresh cuticular covering, swims 
about as an almost spherical body inside the detached shell. This 
process resembles to a great extent that described for Mijohia during 
the formation of the larva. The limbs then grow out again,! a 
fourth pair being added. The larva in this form is known as the 
nymph, and resembles the adult in its shape and also in the number 
of its limbs, but does not quite equal it in perfection or in sexual 
maturity. It commences its free life by breaking through the larval 
integument. 

The new pair of limbs is always the fourth, at least this has been established 
in several forms, e.p., Trambidium (Hknkino), Ixodes, Tarsonymiia {Ikndroptua 
of Kramer) ; in aquatic forms, according to Kramer (No. 87), especially in 
the genus Nesaeay one of the first two jjairs of limbs was newly added. 
LoHMANN observed that in the Halaearidae the second pair of limbs developed 
very slowly, although he also regards the fourth pair as the one newly added. 
OuDEMANS (No. 11), on the contrary, lays special stress on the fact that, in the 
larva of the Oribatidae, the new pair of limbs is intercalated between the 
second and third of those already present, t 

The transition from larva to nymph in other forms is not so simple 
as in the case described. The six-limbed larva of Wiyncholophtia 

* [It is very doubtful if this be a stigma ; analogy with other families would 
point to a different conclusion. — Ed.] 
t tS«e footnote, p. 97.— Ed.] 
X [Both Kramer and Oudemans appear to be in error on these points. — Ed.] 
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oedipodanim, which attaches itself to the body of an Oedipod, here 
undergoes ecdysis, and, beneath the larval integument,' a sac-like 
pupal envelope without appendages, resembling the deutovum, 
develops. From this the larval integument is for the most part 
stripped off, but a portion remains covering the posterior third of 
the body as a transparent integument, in which the three larval 
limbs are still recognisable. A pupa is thus formed, following the 
six-limbed larva and giving rise to the nymph (v. Fraubneeld, 
No. 79). 

R. 



B. 



Pio. 55.— Larva of Trmnhidium, fuliginosum. Forinalion of the pnpa and nymph (after 
Henkino). au, eye; ed, proctodaeuni jJ,-p.,, laryal limbs; r, proboscis (chelicerae and 
pedipalps) of the larva; Ch, chelicerae ; Fed, pedipalps; Pj-P^, limbs of the nymph; 
ut, primitive trachea ; zh, intermediate integument. 

The processes that take place in Rhyncliolophua help us to under- 
stand the more complicated processes in Tromhidium described by 
Henkinq. The larva here, as in the cases already described, passes 
into a resting stage. After having completely filled its intestine by 
sucking the juices of Aphides, it creeps into earth. The body is 
distended, and the soft parts withdraw from the chitinous skin. 
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As in the pupation of Insects, histolytica! processes take place, for 
the tissues have a more or less degenerate appearance (Hbnking, 
No. 85; Michael, No. 97). According to Guddbn (No. 81) and 
M^GNiN (No. 96), there is even complete disintegration of the 
tissues, whereby the resemblance to Insects is increased. Similar 
processes occur when the nymph changes into the imago, and no 
doubt have already taken place during the formation of the larva in 
the egg (deutovum and tritovum). 

In consequence of the withdrawal of the soft parts from the 
larval integument, the latter appears as a mere envelope around 
the inner body (Fig. 55 -4), all the more so that the empty cases 
of the limbs usually break off (Fig. 55 A-C), Within the old 
larval integument another cuticular integument is now formed 
(Henking); this is the pupal envelope of the RhyncholophuSj and 
not the definitive chitinous integument of the nymph. This integu- 
ment (the so-called intermediate integument of ClaparI:de^ or 
apoderma of Henking), in Tramhidiuin, is not sac-like as in 
RhyncholophvSj but forms coverings for the limbs now found on 
the nymph (Fig. 55 (J), Beneath it the chitinous cuticle of the 
nymph first develops. It appears that the pupa can cast off the 
larval integument, but does not usually do so, the mature nymph 
breaking through both integuments when it hatches. 

The statements of Henkino as to the intermediate integument appear to us 
somewhat obscure. According to this writer, the intennediate integument, as 
well as that formed later, when the nymph changes into the imago and the 
corresponding " deutovum " membrane are secreted by the isolated cells, which 
appear beneath the old larval integument or the egg-shell (Fig. 53 A and B^ s, 
CLAPARfeDE's haemamoebae). The comprehension of these processes is in this 
way rendered more/lifficult. Henking's statements on this jwint are not 
definite, and we are inclined to imagine that the intermediate integument is 
separated from the subjacent hypodermis, like the larval integument above it. 

The transformation of the nymph into the adult closely 
resembles that of the larva into the nymph. The latter buries 
itself and enters upon a resting pupal stage. Beneath the old 
nymph - integument, an intermediate integument and the new 
chitinous cuticle again develop (Fig. 56, zh). The limb-cases of 
the nymph, which, as before, have become empty, are partially 
thrown off (Fig. 56) ; the nymph-integument itself breaks up in 
some parts, and the perfect animal finally bursts through the 
integuments that surround it, to start life afresh as imago. It is 
larger than the nymph, but smaller than a sexually mature imago, 
though it possesses the organisation of the latter. Sexual maturity 
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is attained by further growth and the complete development of the 
genital organs. 

As already mentioned, histolytica! processes take place during the trans- 
formation of the nymph into the imago. These do not affect all the organs, 

the genital organs being entirely 
unaffected by them. The tracheal 
system of the nymph, the stigma 
of which lies at the base of the 
cheliccrae, does not pass over to- 
the adult, but the ti*acheal tubea 
remain in the cast-off larval in- 
tegument (Henkino ). The ** primi- 
tive tracheae, "mentioned above, are 
entirely unconnected with the adult 
tracheal system. 

Summary. Deviations 
from the nsual conrse of 
development. The develop- 
ment of the Acarid, from the 
egg to the adult, consists of a 
succession of larval and pupal 
stages. Even within the egg 
a stage occurs (the deutovum) 
which greatly resembles the 
later pupal st^es. This leads^ 
after a moult, to the free larva 
with six limbs, which passes 
into a resting stage, and through 
it develops either directly or 
through the development of a 
pupal integument into the 
eight- limbed nymph. This 
also passes into a resting stage, 
casts off the nymph-integument, and after the formation of another 
pupal envelope gives rise to the young Acarid, which resembles in 
form the sexually mature adult.* 

The above is merely a general account of the course of development in the 
Acarina, and is not by any means an exhaustive description, since individual 
fannlies, genera, and species differ in one point or another. A really complete 
account would be far beyond the scope of this book, not only because of the 

. * [All stages not sexually mature are considered nymphal ; there are generally 
several nymphal ecdyses ; in the Orihatidae two such ecdyses occur, together 
with a final one, m which the nymph passes into the sexually mature 
Acarid. — Ed.] 



Fio. 56.— Nymph of Tromhidium fuliginosum in 
the stage of the development of the pupa and 
imago (after Uenkiko). a, anus ; ch, chelicerae 
of the imago ; P1-P4, limbs ; Ped, pedipalps of 
the imago ; Pj-p*, limbs of the nymph (partly 
broken off) ; r, proboscis (chelicerae and pedi- 
palps) of the nymph ; th, intermediate integu- 
ment 
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number of statements (not indeed always reliable) made as to post-embryonic 
development, but also because of the number of variations occurring. We must 
therefore refer to the literature already quoted for further particulars, and 
restrict ourselves to the description of a few ontogenetic peculiarities. 

The formation of the deutovum-membrane in the Acarid egg is apparently 
very common, and yet it seems to be indisputable that in some forms it does 
not take place. CLAPARkDE, who has given special attention to this point, 
states that the six-limbed larvae of Tetranychiis hatch direct out of the egg-shell, 
without previously being surrounded by a special chitinous envelope. The 
appearance of a six-limbed larva also is not universal, although it occurs in 
most families.* In Phytopta, for example, the larvae are four-limbed, i.e,, 
provided with only two pairs of limbs, and some have been disposed to regard 
this as a primitive condition. But since, according to Nalepa (Noa. 100 and 
101), the adult Phytopta also has only four limbs, this must be considered 
as a secondary condition both in the larva and in the imago. The great 
preponderance of the aMomen in the Phytopta and the consequent length of 
the body must also be regarded as a specialised condition. It is interesting, 
in this connection, to institute a comparison with the Demodicidae, which 
also have long abdomens. The six-limbed larva is found in its development 
and, according to Czokor (No. 78), passes through a couree essentially agreeing 
with that described above. 

Taking into account the transformation of the six-limbed larva into the eight- 
limbed nymph, the occurrence of a four-limbed larva has been thought possibly 
to denote the more primitive chai-acter of the four-limbed form, from which the 
six-limbed fonn was to be derived. But we have already shown that such a 
conclusion is unwarrantable. Some light is thrown on the occurrence of the 
six-limbed larva by Winkler's observations of Oamasus crassipes. Although 
the larva of this form has six limbs, four paira were distinctly developed in the 
younger embryo (Fig. 57 A and B). Winkler's account is so clear, that all 
doubt appears to be excluded. t We must assume that one pair degenerates 
during a moult that takes place within the egg (formation of the deutovum). 
Shortly before the embryo hatches, when the limbs are already provided with 
the characteristic setae, there are only three pairo (Fig. 57 C)» This statement, 
which we are hardly justified in doubting, is a strong argument in favour of 
the secondary origin of the six-limbed larva. 

The eight-limbed embryos of Oamasus crassipes observed by Winkler appear 
to be in a lower developmental stage tlian the six-limbed embryos (Fig. 57 
A-C). We therefore assume that, in this form, a stage like that found in 
Pteropttis vespertilionis is left out, this Acarid having an albreviated course of 
development. The embryo of PteropUis commences free life with eight limbs, 
i,e , at the nymph stage. It could, however, be shown that the embryo 
passes through a six-limbed stage in the egg while the latter is still within 
ithe motlier (Nitzsch).J 

Limnesia pardina also leaves the egg as a nymph (Neumann). The young of 
the Phytopta, when they hatch, are very like the sexually mature adult, having 

* The six-limbed larvae have been observed in the Tetranychidae^ Hydrach- 

nidae, Halacaridae, Oribatidae, Trombidiidae, Oamasidae, Ixodidae, Tyro- 

glyphidae, Demialeichidat^ Sarcoptidae^ Demodicidaef etc. 

t [This has since been confirmed by Wagner in Ixodes.— Ed.] 

t [This observation has not been confirmed, and appears very doubtful ; but 

cases probably exist in which the whole hexapod stage is passed through in 

the egg. — Ed.] 
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only two pairs of limbs, and fully-developed mouth-parts. They differ from the 
adult chiefly in the absence of the external genitalia. These are developed in 
the course of two moults, and reproduction can now take place (Nalepa, 
No. 100). The development of Sphaerogyna ventricosa appears still more 
abbreviated. This Acarid, the female of which is distinguished by the greatly 
swollen abdomen, is ovo-viviparous. The egg^ after being laid, yields the 
sexually mature male and female, and copulation takes place soon after birth 
(Laboulb^ne and Meonin). 

The coui-se of development may be lengthened by the occurrence of a second 
nymph-stage following that which proceeds from the larva, and more or less 
resembling it in form. This is found in Halacarus spinifer (EiOHMANN, No. 92), 



Fio 57.— Embryos of Guhutsust cmisiivi after the miioval of the external egg-envelope, at 
variniis stages (after Winkler). aM, abdomen ; ch, chelicerae ; d, yolk ; ^^i, the cuticular 
embryonic integument; kl^ cephalic lobe ; pcd^ pedipalps ; Pi-iu, limbs ; si, caudal lobe. 

and in various Gainasulac (Kramer, No. 90, Winkler, No. 106), but it ought 
to be more definitely ascertained whether these nymphs do not con*es|K)nd to the 
pupal stage in other Acariua. It apj)ears, furtlier, tliat the nymph may be 
capable of rej>roduction before it attains the form of tlie sexually mature animal 
(Canestrini). This point was established for the Ganutsidae. Berlese 
distinguishes in this family several ontogenetic series which he describes as 
normal, and in which the larva, the nymph, and tlie imago succeed one another 
in the usual manner, and others which are abnonnal, and in which earlier stages, 
i.e., nymphs, arc already capable of r€jrroducin(/ th'nisdvcs jKirthcnoycnetically. 
Such forms do not seem to attain to the complete form of the sexual animal. 
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It is said that several forms capable of reproduction may occur in this way in 
cue and the same species ; Oaviasiis tardus,, for instance, has no less than five 
such different forms, each of which might be taken for a different species 
(Berlese).* These are evidently very complicated conditions, which are far 
from being sufficiently understood. There is no doubt that early stages of 
development have repeatedly l)een regarded as different species, as is now 
definitely proved in the case of the well-known genus Hypopus (Meonin, 
Nos. 94 and 95, Michael, Nos. 98 and 99). The members of this genus are 
minute creatures with a smooth chitinous shell, convex on the dorsal side and 
flattened on the ventral side, covering the whole of the body. Acarids with this 
characteristic appearance are often found on larval and on adult Insects, 
Myriopoda, etc., and were long regarded as adults. A closer study of the course 
of their development, however, proved that they merely represent early onto- 
genetic stages of Tyroglyphus and related genera, which, as a result of hitherto 
unknown circumstances, have deviated from the usual form of the nymph. 
These variations only affect isolated individuals, and it has been attempted to 
trace them back to unfavourable external conditions, which brought about such 
a modification of the inner organisation (Meonik). This explanation of the 
origin of the heteromorphic {Hypopus) forms has been disproved by Michael. 

General Considerations. 

Attempts have been made to separate the Acarina from the 
Arachnida, and to give this group the same value as the larger 
divisions of the Arthropoda (Arachnida, Myriopoda, Hexapoda, 
Haller, No. 83, A. C. Oudbmans, No. 11). The grounds given 
for this classification appear to us too insufficient to deserve further 
discussion (p. 100). It rather appears to us that in the organisation 
and development of the Acarina there is sufficient resemblance to 
the Arachnida to justify their being classed among these latter, in 
accordance with the view until now commonly held. The Acarina 
represent a group of the Arachnida with highly specialised develop- 
ment, and are thus strongly differentiated in individual points of 
organisation from other Arachnids. Even the course of development 
has been influenced, and shows peculiarities which do not occur in 
other Arachnids. The chief of these are the different consecutive 
larval and pupal stages, and the free larval form provided with only 
six limbs. This latter must be considered as a secondary peculiarity. 
The best proof of this would be afforded by the appearance of a 
fourth pair of limbs in embryonic stages, which precede the six- 
limbed larva, if the statements made on this subject by Winklbr 
(No. 106, cf. p. 107) should be confirmed.! 

* [According to Michael both these observations are erroneous. — Ed.] 
t [This has been done for Ijcodes by Wagner. — Ed.] 



Digitized by 



Google 



110 ARACHNID A. 

VIIL Oeneral CoiisideratioiiB regarding the Aracbnlda. 

In studying the Arachnida, the point of greatest importance and 
interest consists in their relationship to those divisions of the 
Arthropoda classed with them as Tracheata, i.e., the Myriopoda 
and the Insecta. The Myriopoda, on account of their usually long 
fonn of body and the slight differentiation of the different parts of 
the body, demand less attention in this respect than the Hexapoda, 
in which the very marked division of the body into three regions 
calls for comparison with the segmentation of the Arachnida. In 
such a comparison, however, a serious difficulty at once arises in the 
different number of segments, and especially of limbs, found in 
the two groups.* The fusion of segments which often takes place 
among the Arachnida is of less consequence, since this may also occur 
to a greater or lesser degree among the Insecta. Tlie fusing of fhe 
head and the thorax to form the cephalo-thorax must nevertheless 
be emphasised as an important Arachnidan character. 

The Insects, as is well known, carry on the head a pair of 
antennae, a pair of mandibles, and two pairs of maxillae, which, 
on account of their structure and ontogeny, are justly regarded as 
limbs; further, there are three pairs of limbs on the thorax* The 
Arachnida have only two pairs of cephalic limbs (the chelicerae and 
the pedipalps), but four pairs of legs on the thorax. The attempts 
which have been made to harmonise these differences are too 
numerous to be treated here in detail. According to what may be 
described as the prevailing view, there is no homologue in the 
Arachnida for the antennae of the Insecta, but the chelicerae may 
be homologised with the mandibles, the pedipalps with the first 
maxillae, and the four ambulatory limbs with the second maxillae 
and the limbs that follow them. The chelicerae have, however, by 
some been considered to correspond to the antennae. "We are not 
disposed to accept either of these views, but, for reasons to be given 
later, compare the chelicerae to the second antennae of the Crustacea, 
for which a homologue is wanting in the Insecta. The first antennae 
of the Crustacea, which correspond to the antennae of the 
Insecta, are not present in the Arachnida. The pedipalps can at 
once be homologised with the mandibles of the Insecta (and 
Crustacea), the four pairs of ambulatory limbs with the two pairs 
of maxillae and the legs of the Insecta, but in this case one pair of 
thoracic extremities is wanting in the Arachnida. This, however, 

• [On this whole discussion comiwire Editorial note, p. 117.] 
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does not appear to us important, since we. attach no great value 
to this comparison of the Arachnida with the Insecta, and seek for 
the relationships of the former not so much in the domain of the 
**Tracheata" as among the branchiate forms, viz., the Xtphosura, 
as Ray Lankester and others have also done. We are, therefore, 
inclined to agree with those zoologists who consider the Arachnida 
and the other air-breathing Arthrqpoda as ttoo distinct series^ and also 
assume a separate origin for the tracheae in these ttoo divisions. 
The agreement existing between the organisation of the Arachnida 
and that of the Xiphosura compels us to adopt this view. 

We have already pointed out the agreement in outer structure 
between the Scorpiones and Limtdus (Vol. ii., p. 367), especially in 
the numbers of the segments and limbs. In Limidus, as in the 
Arachnida, we find six pairs of limbs on the cephalo-thorax, so that 
a homology is suggested. We have just compared the first pair 
of limbs, the chelicerae, to the second antennae of the Crustacea, 
chiefly because the ganglia of these limbs, which arise post-orally, 
become united with the supra-oesophageal ganglion, as is the case 
^so with the second antennae in the Crustacea (Vol ii., p. 164), and 
this process gains in significance when it is found repeated in the 
maxillary ganglia of PeripcUus (p. 193). No such process is to be 
found in the Insecta, and we conclude that the limb in question is 
wanting in them. 

We must not neglect to record the fact that, in the Opiliones and the Acarina, 
the chelicerae are said to bo innervated from the thoracic ganglionic mass 
<Letdio, No. 40, b, and Winkler, No. 106). A final elucidation of this point 
is very desirable. 

The presence in the Araneae of another pair of cephalic limbs 
besides the two already mentioned has repeatedly been maintained. 
Two prominences are said to appear in front of the rudiments of the 
chelicerae and again to disappear (Cronebero, Jaworowski). It 
was assumed that these conjectural limbs became united with the 
rostrum (Cronebbrg, Lendl*), which, according to other observers, 
was found to have a paired rudiment (Sohimkewitsch). There was 
a general tendency to seek in the rostrum the rudiment of one, or, 
indeed, perhaps of several pairs of limbs, and it was thought that this 
could even be proved in the adult animal (Scorpiones, Solifugae, 

* According to Lekdl, the vestigial limbs lie between the chelicerae and 
the pedipalpe, and correspond to the mandibles of the Insecta, while the 
chelicerae, by their position and their manner of moving, show themselves to be 
true antennae. The shifting forward of the pedipalps pressed the conjectural 
mandibles against the rudiment of the upper lip, so as to fuse with it. 
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Acarina — Cronbbbro). It should be noted that, according to 
ScHiHKEWiTSOH, the so-called lower lip also arose from a similar 
paired rudiment, but in this case a pair of limbs seems out of the 
question. 

If such a vestigial pair of cephalic limbs is really present, it 
must be regarded (Cronbberg, Jaworowski) as the missing antennae, 
and would be homologous with the first antennae of the Crustacea. 
This would necessitate no essential modification of our view. The 
first antennae, which were present in the ancestors, would still occur 
in the Araneae as vestiges, the chelicerae, however, corresponding 
to the second antennae. 

The pedipalps were compared by us with the mandibles of the 
Insecta. Each is composed of a masticatory ridge and a many- 
jointed palp. In the embryonic rudiment, however, both parts are 
said to consist of a number of joints ; if so, this limb would show a 
very primitive character, and a certain agreement with the biramose 
extremities of the Crustacea (Jaworowbki). Indications of this 
biramose character are said to be found in the rudiments of other 
limbs also (Jaworowski). 

Further, whichever pair of limbs (chelicerae or pedipalps) is 
compared with the mandibles of the Insecta, the many-jointed 
character of the Arachnid limb affords a significant contrast to the 
Insectan mandible, which always consists of a single joint Another 
primitive character is found in the presence of masticatory blades on 
the third and fourth limbs (in the Scorpiones and Opiliones), these 
extremities being thus partly utilised as mouth-parts, like the 
thoracic limbs of LimiUns which surround the mouth. The presence 
of pincers on the anterior limbs might also well be regarded as 
primitive, since such pincers are found in Limtdus, We do not, 
however, lay any great stress upon this, as similar structures may 
arise independently of each other. 

The condition of the cephalo-thorax and its appendages in the 
various divisions of the Arachnida shows far more agreement with 
those of the Insecta than is found in the next section of the body — 
the abdomen — even if we overlook the reduced conditions which are 
exhibited here in the Acarina. We must here mention that the 
Solifugae, owing to the fact that the three posterior cephalo-thoracic 
segments are free, while the anterior region becomes swollen in a 
manner suggestive of a head, have a certain resemblance to an insect. 
In addition to this, the abdomen shows the same number of segments 
as in the Insecta, and a pair of stigmata appears on the first 
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** thoracic" or fourth cephalo-thoracic segment. These peculiarities 
have led to the Solifugae, which breathe through tracheae, being 
brought into relation with the Insecta ; but we have already shown 
(p. 36) that we cannot regard these characters of the Solifugae as 
primitive, nor consider the Solifugae themselves as intermediate 
forms between the Arachnida and the Insecta. In judging of the 
relationships of the Solifugae, it is important to note that in them 
also the chelicerae are innervated from the brain (Weissenborn, 
No. 16), and are thus proved to be homologous with the chelicerae 
of other Arachnids. An attempt to compare them with the antennae 
of the Insecta in order to explain their innervation will hardly be 
made, their whole development being opposed to this. In making a 
comparison with the Insecta, we should conclude rather that the 
antennae, which are to be regarded as a pair of cephalic limbs, are 
here wanting. 

The abdo7)ien of the Arachnida is characterised chiefly by the great 
reduction of its segmentation, except in some divisions however, 
where the segments are very distinct. In the Scorpiones, the 
posterior part of the body is divided into a pre-abdomen and a 
post-abdomen, and is of great length. It might, indeed, be con- 
sidered as doubtful whether the lengthening of this part were not 
secondary, but for the fact that other Arachnida, during embryonic 
life, have sometimes this same number of segments, and also show 
indications of the division into pre- and post-abdomen (Araneae, 
pp. 50 and 57). 

In the fossil Xiphosura (Hemiaspis, Belinurus)^ as well as in the 
Gigantostraca, the number of abdominal segments is larger than 
in Limtdus, this makes it very probable that the abdomen of the 
latter has arisen through the fusion of a number of post-abdominal 
segments, and is thus homologous with the post-abdomen of the 
Scorpiones (Vol. ii., p. 358). The latter thus show, in the retention 
of the richly-segmented abdomen and in their segmentation generally, 
a very primitive character. It has been conjectured that the length 
and mobility of the abdomen are connected with the poison-sting 
which arms its extremity, and which is thus the more easily brought 
into use (Weissenborn). 

Great concentration of the organs is evident in the Arachnida, 
and the further forms are removed from those which we may rightly 
consider as the most primitive, the greater is the degeneration found 
in them, this degeneration reaching its highest degree in the Acarina. 
The derived forms of the Arachnida are thus simpler in their 

I 
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organisation than the primitive forms, especially as certain systems 
of organs (circulatory and respiratory systems) may partly, or 
wholly, degenerate. 

The ahdoinincd limb-rudiments are of peculiar importance in the 
comparison of the Arachnida with other Arthropods. Their number 
in the Scorpiones, as in Limulus, is six. [? cf. Braueb, Kibhinouye.] 
It is possible that in the Araneae, also, the same number of 
abdominal appendages was originally present (p. 51). The Arach- 
nida, like the Insecta, were derived from forms provided with a 
larger number of limbs. The first pair [second, pp. 10, 25, 57], is 
related to the genital aperture, while the following pairs show on 
their posterior surface the invaginations which give rise to the lungs. 
The lungs of the Arachnida may therefore be homologised with 
some probability with the gills of the Xiphosura (Vol. ii., p. 358, and 
Vol. iii,, p. 77). This implies an origin for the Arachnidan tubular 
tracheae different from that in other " Tracheata " {Peripatus^ Myrio- 
poda, Insecta), for there can be no doubt that the tracheae in the 
Arachnida are in the closest connection with the lungs.* Although 
the tracheae in a few Arachnids, e.g,^ the Solifagae, the Opilionea, 
and some Pseudoscorpiones and Acarina, seem to resemble each other 
greatly in structure, they must, in the one case, be derived from 
lungs or gills, and, in the other cases, from simple integumental 
depressions. Their later similarity of structure must be regarded 
as a phenomenon of convergence.! 

The presence of the stigmata in the abdomen only is in accord- 
ance with the view of the origin of the respiratory organs here 
adopted, but an exception occurs in the first pair of stigmata of the 
Solifugae which lies on the first "thoracic," or, ratlier, fourth 
cephalo-thoracic, segment. This must for the present be regarded 
as a secondary acquisition, and we may similarly try to explain the 
fact that, in the Acarina, stigmata occur in the cephalo-thorax at 
various points, often very far forward, in the cheliceral region. 
Similar displacements of the stigmata are also known to occur in 
Seolopendrella, where they also appear in the head in an unusual 
manner. 

* [See Simmons and Puecell (App. to Lit. on Araneae, Nos. VII., VIII.) 
and footnotes, p. 78. — Ed.] 

t [Tubular tracheae are not restricted to these four groups, but are also found 
in many Araneae associated with the hings ; only the Scorpiones and the Pedi- 
palpi have lungs alone. This has led Bernard (App. to Lit. on Arachnida in 
gen., No. III.) and Jaworowski (App. to Lit. on Araneae, No. II.) to tlie 
conclusion that the lung-books are not primitive structures giving rise to 
the trachea, but rather that both the lung-books and trachea are to be derived 
fr«m simple sac-tracheae. — Ed.] 
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There are various other points of organisation in which the Arach- 
nida are removed from the Insecta, but approach the Xiphosura, 
And perhaps even the Crustacea. 

In dealing with the eyes, we tried to show that they cannot be 
•classed together with those of the Insecta and the Myriopoda, but 
have had a diflTerent course of development (p. 68). They may, 
however, well be horaologised with the median and lateral eyes of 
LimuliLB. In the origin of the Arachnid eyes, inversion plays an 
important part. Inversion has recently, also, been introduced by 
Olaus as an explanation of the origin of the median eye of the 
Crustacea (No. 57), and it appears not impossible that a closer 
<;onnection may be found later between these processes. 

Further agreement between the Arachnida and the Xiphosura is 
found in the presence of an endoskeleton, which in the Scorpiones 
and Limtdu8 is very similar in structure.* Another point which 
appears to us to be very characteristic, and which also fully applies 
to the Solifugae, in spite of their apparent deviation from the other 
Arachnids, is the presence of a large digestive gland (liver), such as 
does not occur in the Insecta, but is found in Limuhis and the 
Crustacea. Another still more important point of agreement is 
yielded by the enteron and its appendages, if we grant that the 
testimony of ontogeny is reliable, viz., the origin of the so-called 
Malpighian vessels out of the entoderm. If this is the case, it 
would form an important reason for separating the Arachnida from 
the Insecta. Tubular appendages occur in the Crustacea at the 
posterior end of the metenteron; the Malpighian vessels of the 
Myriopoda and the Insecta are, however, of ectodermal origin. 

Another point of resemblance between Limvlus and the Arachnida 
is afforded by the presence of an artery running, in the Scorpiones, 
above the chain of ganglia, and forming a backward continuation 
of the oesophageal vascular ring (supra-neural vessel, supra-spinal 
artery) ; a condition similar to this is met with in the ontogeny of 
Liviulus, A sub-neural artery, indeed, occurs in the Crustacea, 
and a supra-neural vessel is also found in the Myriopoda (a fact 

* [There is considerable disagreement regarding the homology of the endo- 
steruite. Bernard (App. to Lit. on Scorpiones, No. I.)) ^v^o has made a 
•comparative study of the Arachnidan endostemite, comes £o the conclusion 
that the endosternite of Limulus cannot be homologous ivith that of the 
Arachnids, the latter being part of an epidermal endophragraal system, while 
that of Limulus is mesodermal. On the other hand, Schimkewitsch (App. 
to Lit. on Scorpiones, No. VI ) maintains that the structure generally termed 
the endosternite in the Arachnida and Limtclus is always mesodermal, and 
<:o-exists with, but is independent of, the series of ectodermal apodemes which 
<are so conspicuous in Galeodes.—ED,"] 
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which makes this point of resemblance appear of less importance), 
so that this feature may perhaps be inherited from a common 
ancestral form. A less important agreement with the genital glands 
of Limulvs is afforded by the corresponding tubular network of 
genital glands in the Scorpiones. 

The coxed glands of the Arachnida, derived from the mesoderm, 
may, according to our present knowledge, be assumed with consider- 
able certainty to be nephridia, and are comparable with the organs 
which, in Limultis, occupy a corresponding position. These glands 
cannot be fully homologised with the antennal and shell-glands of 
the Crustacea, since these latter differ somewhat from them in 
position, i.e.f belong to other segments. The nephridia that were 
present in every segment in the ancestral form have undergone great 
reduction, and the remnants are retained by their descendants in 
different segments, a feature probably connected with the varying 
form of the adult body in the different groups. We need hardly 
point out that the possession of coxal glands (especially strongly 
developed in youth) is a further distinction between the Arachnida 
and the Insecta, the latter not possessing any glands which in 
their development and position could be compared with the nephridia 
of the ancestral form. 

The Arachnid coxal glands arise from the mesoderm, the condition 
of which during embryonic development is a point of special im- 
portance. While, in the Insecta, the primitive segments are early 
subjected to change, in the Arachnida, they grow forward dorsally, 
and only undergo disintegration at a time when the dorsal heart is 
formed from them. The coelom, which disappears very early in 
the Insecta, is long retained in the Arachnida. This, which in itself 
is a primitive condition, further determines a greater simplicity in 
the rudiment of the heart, perhaps also in that of the coxal glands 
(nephridia), and probably also of the genital glands. The conditions 
thus produced recall those in the Annelida more than those in the 
remaining Arthropoda. 

It appears open to question whether much stress should be laid on the agree- 
ment existing between the cleavage, and the formation of the germinal layers 
and of the first rudiments of the organs in the Arachnida and the processes 
described for the Crustacea, or whether these should bo explained by a certain 
similarity prevailing in these processes throughout the Arthropoda. This has 
already been pointed out in individual cases. It must remain equally doubtftil 
whether the youngest stage of the germ-band in the Scorpiones, which has been 
compared with a certain ontogenetic stage in the Trilobites (p. 6), is of special 
importance in this connection. It can hardly be doubted, from all that has 
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been stated above, that there is a close relationship between the Arachnida and 
Idmuhis, and, consequently, points of agreement with the Trilobites might be 
expected. It is, in this connection, a striking fact that the Scorpiones are of 
such great age, and that the forms now extant are not very unlike those found 
in the Silurian strata {PalaeopJumus nuneiuSj No. 15). 

In conclusion, we must again emphasise the fact that the apparent 
agreement of the Arachnida with the other Tracheata must be 
regarded as nothing more than a similarity determined by their 
common Arthropodan nature and by a like development as the 
result of a similar manner of life. We must not assume a nearer 
connection between these divisions of the Arthropodan stock. We 
believe, rather, that the Arachnida, together with the .Palaeostraca, 
proceeded from a common ancestral form, and subsequently diverged 
from one another, while the other Tracheata belong to a distinct stock, 
the two, however, being connected very far back. 

The Arachnida, according to our view of them, form a very 
uniform group. The most primitive forms are those in which the 
body is distinctly segmented, i.e., the Scorpiones and the Pedipalpi.* 
The Opiliones and the Pseudoscorpiones are aflfected by a reduction 
which goes still further in the Araneae, and reaches its highest 
degree in the Acarina, in which this far-reaching adaptation is 
accompanied by essential modifications in development.! Such 
modifications are also found in the Pseudoscorpiones, probably as 
the result of similar causes. 

[In addition to the editorial footnotes inserted here and there refening to 
Bernard's Arachnidan work, it is necessary to call separate attention to it 
in some detail, inasmuch as it has a profound bearing upon the question as to 
whether the Arachnids could be deduced from a Limuloid ancestral form. 
Arguing that the only scientific method of arriving at the ancestral form of the 
Arachnida is to compare all the known forms, and to sift out what are obviously 
the more primitive structural adaptations from the more specialised, tliis author 
arrives at the conclusion that the Solifugae come nearest the ancestral form in 
their segmentation, and in the simplicity of their endostemites. This eudo- 
sternite has no resemblance whatever to the endostemite of Limidicsj to which 
he would assign an entii'ely different origin (App. to Lit. on Arachnida in gen. , 
No. L, and App. to Lit. on Scorpiones, Nos. I., V I.). He endeavours to show that 
the typical form of the Arachnidan body is an adaptation to the special manner 
of feeaing. The Arachnids suck the blood of their victims, and, by a force-pump 
action of the oesophagus, distend the alimentary canal in a manner which would 
seriously interfere wiui the rest of the organisation. Their whole inner anatomy, 
he believes, can be shown to be simply so many adaptations to this serious 

• [According to Bernard, the Solifugae are in this respect the most primi- 
tive.— Ed.] 

t [Tliis statement is a little misleading, for, in the adult Opiliones, only six 
segments are visible in the abdomen, while, in the Pseudoscorpiones, there are ten 
to eleven ; further, although the alxlominal somites are fused in most adult 
Araneae (not in Liphistuis), yet, in the young, eight to nine segments can be 
recognised ; tliese are not lost, but fused together, and, even in the Acarina, one 
fonn (Ixodes) exhibits marked segmentation (Wagner). — Ed.] 
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distention of the intestinal tract — adaptation, that is, of some much less 
specialised type than Limulus, All the chief organs are dealt with in detail, 
and, whether the author's conclusions are all of them ultimately confirmed or 
not, he has succeeded in placing on a new level, not only the controversy 
regarding the Arachnidan origin, but also (by his association of physiology 
with morphology) the science of the whole group. So far his views have not 
met with much acceptance, and the Scorpiones are still generally regarded as the: 
most primitive Arachnids finding their nearest allies in the Merostomata. — Ed. J 
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CHAPTER XXII. 

PENTASTOMIDAE. 

Our knowledge of the Pentastomidae still rests principally on 
Lbuckart's observations, supplemented by a few smaller treatises, 
and recently confirmed and amplified by Stiles. 

1. Embryonic Development. 

The eggs of P&niastomum are surrounded by two envelopes (Fig. 
58 A and B^ h). The early embryonic development takes place 
gradually as the ovum passes down the uterus. Cleavage is total 
(Leugkart, Macalister). The egg breaks up into a number of cells 
of about equal size, the further fate of which could not be ascer- 
tained. Macalister describes the formation of a blastoderm and a 
germ-band, but his statements are not conclusive. According to 
Leugkart, a germ-band is not formed. The embryo secretes a 
surface cuticle at an early stage, a disc-like thickening appearing 
on the dorsal surface of this cuticle. When the cuticle detaches 
itself from the embryo and forms a third envelope to the latter 
(Fig. 58 A and B, e?i), it remains connected at this thickened disc 
(dorsal cone, rz). The chitinous integument also, which is now 
secreted as a covering for the embryo, is correspondingly thickened 
at this spot, and takes the form of a pit-like depression. The "dorsal 
cone," which at first connects these two chitinous thickenings, 
becomes constricted and broken through, but a trace of it is left 
attached to the embryo ; this, in P. taenioides, is shaped like a raised 
cross situated in a cup-shaped groove (Fig. 58 B and C, rk). The 
remainder of the " dorsal cone " is retained on the detached integu- 
ment as a circular thickening (the so-called facet. Fig. 58 B, /). 
This structure recalls the micropyle or the dorsal organ of the 
Crustacea, with which Leugkart has compared it. 

A certain external similarity in structure is found between the so-called 
primitive tracheae of the Acarina and the dorsal cone of the Pentaslomum ; but 
these "tracheae" are paired and lie ventral! y, so that there is no real agreement 
between them. 
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The early shedding of a cuticular integument within the egg, which must be 
regarded as a moult, recalls the formation of the deutovum-membrane in the 
Acarina (p. 96) ; similar processes occur also in the Crustacea (Vol. ii., p. 118). 

Before the dorsal cone is broken through — i.e., before the cuticular 
envelope is completely detached from the embryo — two pairs of 
truncated appendages have developed on the ventral side. These 
are limbs on which claws soon appear. A narrower posterior portion 
— the so-called tail — has, previous to this, become marked off from 
the compact trunk (Fig. 58 A and B), to the ventral surface of 
which it is applied. This caudal appendage is characteristic of the 
embryos of a few species of Perdastomum. In P. taenioides it is 

IT C 
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Fio. 58.— Embryos in the egg-integuments and fi-ee larva of Pentastomum taenioidet (after 
Lbuckart). dst, stigma of gland; eh, embryonic integument; /, "&cet"; h, egg-integu- 
ments ; m, oral plate ; Pi and p,, truncated limbs ; rk, dorsal cross (dorsal organ) ; n, dorsal 
cone ; «, caudal appendage. The boring apparatus of the embryo is not showu. 

somewhat large (Fig. 58 B and C), while in P. prohoacideum it 
is merely a small bifid appendage (Fig. 59, «). The embryo of 
P. oxycephalum has no caudal appendage, but presents a round 
posterior extremity. In this form the embryo leaves the egg (Van 
Bbnedbn, Schubart); it is therefore very unlike the parent in 
shape, and has to pass through radical transformations before 
attaining the adult form (Lbuckart). 

The Larval Development. 

The further course of development is marked by the transference 
of the eggs into the intermediate host and the development of a 
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four-limbed larva. The form whose ontogeny was examined by 
Lkuckart, p. taenioides^ inhabits, in its sexual condition, the 
nasal cavity of the dog. The eggs are laid in the nasal mucus, 
and with this they reach the exterior. For the further development 
of the embryo an intermediate host is necessary. This, in the 
<»se of P. taenioides, is a rabbit, which, by swallowing the eggs, 
introduces them - into its stomach, where the egg -integuments 
become detached and the larva set free. In P. prohoscideuin also 
^Stiles), the early stages are similar to the above. The eggs of this 
form are found in the lungs of the boa constrictor; from the lungs 
they pass into the intestine, where they are found in quantities 
in the fsBces, with which they leave the body. They, too, must 
be swallowed by an intermediate host in order to develop further. 
Stiles was successful in introducing them into mice. 

The larva, which has a blunt anterior, and a pointed posterior 
«nd, t.0., which is sup- 
plied with a tail, has 
two pairs of truncated 
limbs, provided with 
-chitinous claws fur- 
nished with a sup- 
porting apparatus 
<Fig. 68 C, and Fig. 
69j8t). The two claws 
are attached to a 
cbitinous ring, and 
seem to be quite in- 
dependent of the 
supporting apparatus. 
This structure sug- 
gests that the limb 
consists of a terminal, 
and a basal seg- 
ment, the limb being 
thus regarded as two- 
jointed. Stiles, who 
adopts this view, 
thought the limb more distinctly marked off from the body than 
did Leuckart, who regarded it as consisting of one joint only. 

At the anterior end of the body lies a boring apparatus composed 
of several chitinous spines (Fig. 59, 6a), which has been compared 




Fio. 69.— Quftclrapedal larva of Pentastomum proiboscideum, 
fh>m the ventral side (after Stiles). &a, boring apparatas ; 
dstt stigma of gland ; dz, gland - cells ; kr^ daws ; m, 
mouth ; ma, stomach ; n, rudiment of the ucr\'ous system ; 
of«, oesophagus ; Pi-p., truncated limbs ; ro, dorsal organ, 
seen through the transparent body ; «, caudal appendage ; 
stf apparatus for supporting the claws ; tp, sensory papillae. 



Digitized by 



Google 



132 PBNTASTOMIDAE. 

with the mouth-parts of the Arthropoda, especially with those of 
the Acarina, but such a comparison is hardly permissible on account 
of the position of this apparatus and its origin in front of the 
mouth; it must probably be regarded as a larval organ (Stiles). 
Near the boring apparatus are two small papillae, which have been 
regarded as tactile organs (tp). 

The mouth, in P. proboscideum, lies somewhat far back, about 
on a level with the anterior tnmcated limb (Fig. 68, m). It is 
surrounded by a chitinous horseshoe-shaped band, and leads into 
a narrow oesophagus, which passes into a wider stomach. According 
to Stiles, there is no anus, although one is to be seen in Jacquart's 
not very accurate drawings. An accumulation of cells surrounding 
the oesophagus represents the rudiment of the nervous system (n). 
Stiles also found within the larva a large accumulation of richly 
granulated cells distributed in a definite manner, some of which 
are no doubt glandular cells. Two circular structures lying at the 
bases of the anterior extremities are regarded as the external 
apertures of glands (so-called stigmata of the glands, Figs. 58 and 
69, dit). 

The Encysted Lajrya. The larva which has become free in the 
intestine of the intermediate host, by the help of the boring 

apparatus at the 
anterior pole of 
the body and the 
limbs, traverses 
the wall of the 
intestine and 
passes into the 
other organs, c.^.> 
the liver, where 
it becomes at- 
tached and en- 
~ <r closed in a fibrous 

Fio. 60.— Encysted Una of Pentastomvm taenioides from the viscera cyst derived from 

of a rabbit, nine weeks after infection (after Lbuckart). a, anus; 1.1 .' r ^1. 

ag, efferent duct of the geniUl gland ; dst, glandular stigmata ; ^"® wSSUeS 01 tne 

ed, proctodaeum ; gd, genital gland ; m, mouth ; wo, stomach ;n, host. It here 
rudiment of the nervous system; oe, genital aperture; oe«, .1 , 

oesophagus. passes through 

a number of 
moults, during which it throws off the limbs and the boring apparatus. 
The caudal appendage also disappears, and the larva assumes a 
compact cylindrical form. Leuckart found, seven weeks after 
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infection, in the cysts of P. taenioidea, besides the worm-, or, rather, 
maggot-shaped larva, two cast integuments, on which could be 
distinguished remains of the embryonic chitinous structures, viz., 
the dorsal cross and the chitinous oral horseshoe-shaped band, and 
probably also the remains of the truncated limbs. Several further 
moults then take place, a long time being occupied by this develop- 
ment; five to six months, according to Leuckart, pass before the 
larva of P. taenioides attains its full development in the intermediate 
host. The development of P. proboscideum is somewhat more rapid, 
but also occupies several months (Stiles). 

While the larva remains in the cyst, and during the course of 
several moults, the most important change which takes place is the 
development of the internal organs; the external form, however, 



ma- 



Fio. 61.— Encysted female larva of Pentadtomum taenioUUs from the viscera of a rabbit, aboat 
four months after infection (after Lkuckart). a, anus ; cd, proctodaeuni ; Ih, larval integu- 
ment (detached cuticle); m, month; via, stomach ; viu, retractor muscles of the pharynx ; 
n, nervous system ; od, ovidnct : oe, genital aperture ; oes, oesophagus ; or, o\'ary ; (n, nerve 
mnning from the oesophageal ganglion to the tactile papillae ; vag^ vagina. 

also undergoes a few changes, to be described below. The internal 
organs of the free larva, as far as could be ascertained, seem to pass 
direct into those of the encysted larva and of the sexually mature 
animal. The intestinal canal, which was not extensive in the free 
larva, widens and becomes differentiated into its separate regions, 
pharynx, oesophagus, and stomach. The latter soon becomes very 
large (Fig. 60, ma). It ends blindly posteriorly, and only becomes 
connected later with the proctodaeum (ed). 

The accumulation of cells round the oesophagus present in the 
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free larva (Fig. 59, n) during later larval life develops into the 
sub-oesopbageal mass and the oesophageetl ring, which represent 
the central nervous system of the adult. The suhoesophageal mass^ 
in early larval life, is much larger than in the adult animal, and 
occupies a considerable part of the ventral surface (Leuckart, 
Figs. 60 and 61, n). 

The rudiments of the genital organs can be recognised early, but^ 
according to Lbuceart, it is at first impossible to distinguish the 
two sexes. A long, unpaired strand lying dorsally to the stomachy 
the germ-gland (Fig. 60, gd), forks anteriorly to form two strands 
(the rudiments of the efferent ducts, ag). These two strands 

/A 



Fio. 62.— Encysted female lan'a of Pentastomum proboscideiim (the so-called P. siibcylindrieumy 
flrom the viscera of a mouse, six and a half weeks after infection (after Stiles), a, anuB ; 
ed, proctodaeum ; ht, hook -sac ; Ih, larval integument (detached cuticle) ; m, mouth ; ma, 
stomach ; n, rudiment of the nervous system ; od, oviduct ; o«, genital aperture ; ol, upper 
lip ; ov, ovary ; r$, receptaculam seminis ; vag, vagina. 

embrace the anterior part of the stomach, and, after reuniting 
ventrally, open externally in the region of the ganglionic mass (a). 
There is very little difference in this respect in the male ; the genital 
aperture in the adult male retains its primitive position in the 
anterior part of the body, not far behind the mouth. The genital 
aperture in the adult female is, however, found at the posterior end 
of the body, quite near the anus (Fig. 62, oe) ; and Leuckart 
assumes that it has been thus displaced on account of greater growth 
of the part between it and the mouth taking place simultaneously 
with arrest of growth in the posterior region. Fig. 61 represents 
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a transitionary stage, in which the genital aperture is already shifted 
further back than in Fig. 60. The differentiation of a vagina from 
the primitive genital duct has here already taken place. In Fig. 62, 
the genital aperture has already assumed its final position near the 
anus. 

Stiles speaks of a differentiation of the sexes at an early stage ; but the 
stages described by him in P. proboscideum seem to us to be somewhat more 
advanced than those observed by Leuckart in P. taenioides, 
■ According to Hoyle, it appeal's that the genital glands may originally have 
been paired. If this were the case, we should have, in the fusion of the germ- 
glands to form a single organ, a process similar to that in the Acarina (p. 101). 
The position of the (female) genital aperture at the posterior end of the body, 
which is in opposition to what is usual in the Arachnida, might, according to 
Lbuckabt's explanation, be regarded as secondary. 

The body of the encysted larva after the first moults looks quite 
smooth, but later a series of rings make their appearance (Fig. 62). 
These first arise in the middle of the body, and spread anteriorly 
and posteriorly. These superficial markings cannot be regarded as 
equivalent to actual segmentation on account of their late appearance 
and their development. In some Peniastoniidae, e.g., P. protelis 
(Hoylb), they are somewhat broad, and constrictions form between 
them, thus increasing the resemblance to a true segmentation. In 
P, proboscideum also such an appearance can be remarked, and is still 
more conspicuous in P, taeniotdes. In other Pentastomidae, raised 
rings are found like broad hoops round a barrel, separated by inter- 
spaces (Van Bbnsdbn, Jacquabt). 

Small circular apertures in the chitinous integument are found 
distributed all over the surface of the body, and later, in consequence 
of the formation of rings, arranged in transverse rows upon it. These 
resemble the two glandular stigmata of the four-limbed larva 
(Fig. 62), and were regarded by Lbuckart as the apertures of 
integumental glands. A differentiation of the chitinous covering of 
the body which arises in later larval stages is found in the so-called 
circles of spines which appear at the posterior edge of each ring, and 
are characteristic of the fully-formed larva (Fig. 63, st). The larva 
of P. taemoideSy which was formerly taken for a sexually mature 
form and called P. dentictdaium, has the circles of spines specially 
well developed. They are probably of advantage to the animal in 
locomotion. Still more important aids in locomotion and attachment 
are the hooks — two pairs of claw-like chitinous structures (Fig. 63, 
h), which develop in two sac-like depressions of the integument in 
front of the mouth (Fig. 62, hi). The hooks have no connection 



Digitized by 



Google 



136 



FENTASTOMIDAE. 



with the truncated limbs of the larva, nor can they be regarded as 

limbs, as might appear from their origin as depressions and in front 

of the mouth. At a later stage they shift further back towards, or 

even behind, the mouth (Fig. 63)« A further differentiation of the 

surface is found in the appearance of a large number of papillae 

arranged in pairs at the anterior end of the body (Fig. 63, <p), which 

have been considered tactile organs (Liugrart, Stiles). 

The last larval form and its transference to tiie final host. 

While these external and internal ontogenetic 

processes have been taking place the body 

has lengthened, and has thus been forced 

to curl up in the cyst, within which 

the general form of the adult animal is 

reached. The larva (Fig. 63) now breaks 

through the cyst, and wanders away from the 

part hitherto inhabited by it, the circles of 

spines assisting it in this process. • Should the 

intermediate host in which it lives at this time 

fall a victim to a beast of prey, the larva possibly 

passes direct out of the mouth of the latter into 

its nasal cavity, there, by renewed ecdysis, 

throwing off its spiny covering, and finally 

attaining the complete organisation of the 

sexually-mature Pentastomum. But if no such 

favourable opportunity is afforded the larva of 

reaching its final host, it becomes re-encysted 

within the body of the intermediate host 

Encysted larvae which are swallowed by a beast 

of prey with the flesh of the host, and thus 

reach the intestine of the former, if sufficiently 

mature, break through the intestinal wall, and 

by active locomotion reach the respiratory 

tissues and the nasal cavity (Gerlach, Stiles). 



Fio. 68.— Fre€ lanra of 
Pcntastomwm taenioides 
(the so-called P. denti- 
culatum\ from the liver 
of the rabbit or the 
nasal cavity of the dog 
(after Leuckart). a, 
anus ; d, intestine ; h, 
hooks ; m, mouth ; st, 
circles of spines; tp, 
tactile papillae. 



3. General Considerations. 

The most important point in the ontogeny of Pentastomum is the 
appearance of a larva furnished with two pairs of limbs. This 
larval form distinctly indicates that in Pentastomum we have an 
Arthropod, a fact which is not so evident from the organisation 
of the adult. It was this larval form above all that led to the 
classing of the Pentastomidae with the Acarina. The similarity 
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would be still greater if a six-limbed larva also appeared in 
Pentastomwn, as was maintained by Db Fiuppl Unfortunately, 
but little reliance can be placed upon this otherwise important 
statement, as may be seen from a glance at his figures. A direct 
comparison of the PerUastomum larva with an Acarid larva is 
inadmissible on account of the absence of mouth -parts in the 
former. In this case degeneration may, indeed, have gone even 
further than in the Acarina, and it is possible that Pentastomum 
may be derived from forms resembling these latter animals. Certain 
Acarids, e.g.^ the Phytopta^ in which two pairs of limbs disappear, 
and in which the body is lengthened (pp. 107 and 108) might 
be regarded as indicating the possible line of origin of a form 
like Penfastomum (Lbugkart). But it must be expressly pointed 
out that there is no definite ground for this view, and that 
Pentastomum might, with almost equal justification, be derived 
from some other group of Arthropoda. Unfortunately, the organi- 
sation of the adult also fails to afford any definite clue, but only 
makes it clear that Peniaatomum is a form much reduced by 
parasitism. Important systems of organs, such as the respiratory 
and excretory systems, which elsewhere, by their characteristic 
development, help to determine systematic position, are wanting. 
A distinct blood vascular system also is not developed. In the 
transversely striated musculature, on the other hand, we have an 
Arthropodan character, and it has already been pointed out that 
the genital organs can, perhaps, be interpreted in this sense. The 
ovary in its structure recalls that of the Arachnida, the eggs 
bulging out like follicles on its surface, and giving the organ an 
aciniform appearance. 
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CHAPTER XXIII. 

PANTOPODA. 

Oriposition and Care of the Brood. The Pantopodan female 
does not deposit her eggs in the usual manner, but transfers them to 
the male, who attaches them to his third pair of limbs, the so-called 
ovigerous limbs (Figs. 74, S, p. 157), and carries them about until the 
embryo is mature. The eggs are usually collected into large clumps, 
containing as many as 100. Several such clumps are found on one 
male, so that, if well laden, he may be found to carry 1000 eggs 
(Dohrn). Although in such cases, and generally among the 
Pantopoda, the eggs are very small, they are comparatively large 
in PaUene (0*25 mm. in diameter), being, for example, 125 times 
the size of an egg of Phoxicliilidium or Tanystylum (Morgan). 
PaUene carries only a few glutinous egg-clumps, each containing 
only two eggs (Dohrn). Nymphon^ according to Hoek, has specially 
large eggs (in N. brevicatuiatuvi, 5 to 0*7 mm. in diameter), but 
yet carries a great number. The large eggs are very rich in yolk, 
the smaller ones naturally have less yolk. The eggs are spherical, 
and each is surrounded by a delicate membrane (Fig. 64, B). 

1. Cleavage and Formation of the Germ-Layers. 

The cleavage of these eggs is total (Dohrn, Hoek, Morgan); 
but those genera which have small eggs (e.g, PhoonchHidium 
and Tanysiylum) show equal cleavage, those with larger eggs 
{Pailenej Nymphon) unequal cleavage (Morgan). 

Up to the present time but little has been known concerning the 
early ontogenetic processes in the Pantopodan egg. Many years ago 
(1843) KOluker gave an account of the total cleavage of the egg, 
and Dohrn has more recently described a few stages in the cleavage 
of the eggs of Pycnogonum that confirm the above conclusion. Hoek, 
in examining the Challenger material, found a few ontogenetic stages, 
which, however, could naturally only give a very incomplete idea of 
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the development of the embryo. Hoek afterwards tried to complete 
his account by means of observations made on living specimens 
(PcUleney No. 7). Morgan next investigated the cleavage and 
formation of the germ-layers in these animals (Nos. 10 and 11), 
and in a more recent work (No. 12) he gives a detailed description 
of these processes in several Pantopodans. We shall thus have to 
rely chiefly on his account of these processes. 

In PcUlene, the first line of cleavage divides the egg up into two 
blastomeres, one of these being large, and the other only about a 
quarter of its size (Morgan). Each of the two spheres is again 
divided into two by a cleavage taking place at right angles to the 
first, so that two micromeres and two macronieres are now formed. 
The third line of cleavage is perpendicular to the two former lines, 
and gives rise to four micromeres and four macromeres. This stage 
is followed by one of eight small and eight large cleavage-spheres. 
From this point onward the micromeres and the macromeres do not 
divide at the same rate. At a later stage, sections present an 
appearance like that given in Fig. 65 A, except that the pole of the 
micromeres consists of smaller cells than are there figured. The cells 
are pyramidal, but their boundaries do not in all cases extend to the 
centre. We here find an indication of transition to the next im- 
portant stage. 

Unequal cleavage seems also to occur in the eggs of Nymplum brevieaudatum, 
which are rich in yolk, for, according to HoEK'tj figure (Fig. 2, PI. xix., No. 6), 
one half of the egg at a late stage is composed of smaller cells than the other 
half. 

The nuclei of the pyramidal cells, together with the surrounding 
protoplasm, shift to the periphery (Fig. 64-4 and B), the boundaries 
of the blastomeres being retained to a certain extent (dp). To some 
degree, however, they disappear, this being specially noticeable 
towards the centre of the egg {A and B). The nuclei are surrounded 
by areas of protoplasm, which send out processes into the yolk. 
Since these complexes of protoplasm, increasing in number by 
division and shifting closer together, yield the blastoderm (Fig. 64 C), 
a stage like that seen in the Araneae is passed through, t.e., the yolk- 
mass appears first divided up into pyramids which disintegrate later. 
According to Kobe's description, this breaking up of the yolk can 
still be distinguished in later stages after the blastoderm has formed 
(c/. figure of Nymphon brevicaudatutn^ No. 6, PI. xix., Fig. 5). In 
the centre of the egg a cavity appears (Fig. 64-4, fh), which must 
be regarded as the cleavage-cavity. Its occurrence, however, does 
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not seem to be constant (Morgan), and in any case it soon disappears 
again. This also, if proved to be correct, would constitute' a certain 
analogy with a condition described for the Araneae (p. 39). In 




Fio. 04.— Sections throngh eggs of Pallene in various stages of blastodenn-fonnation (after 
M0B04N). In D, an invagination (e) appears in the blastoderm, ronnd which cells (probably 
the first mesoderm-cells) are given off. M, blastoderm ; d, yolk ; dp, yolk-pyramids ; e, 
aperture of the invagination ; eh, external and internal integument ; fh, cleavage-cavity (?) 

them also there is a transition from total to superficial cleavage. 
There is also a concentration of the blastoderm towards that pole 
at which later the first indications of the embryo appear (Fig. 64 C). 
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The peripheral cells, which were also formerly present at the opposite 
pole (A and B), disappear. 

At a time when the blastoderm only partly surrounds the egg, a 
few cells of amoeboid form are seen lying below it (Fig. 64 C). 
According to Morgan, cells are given off first at the pole of the 
micromeres, and then at other parts of the periphery. These cells 
arise by division of the pyramidal blastoderm-cells in a tangential 
direction, a process which Morgan, comparing it with the result of 
observations on other Pantopoda, considers to be one of delamination ; 
a lower cell-layer forms, which is no doubt to be regarded as the 
entoderm. This view does not appear sufficiently supported by the 
facts as yet known, and Morgan's observations have made possible 
another assumption with regard to the formation of the germ-layers. 
At the pole of the egg that is richer in ceDs a thickening appears, 
which has been compared by Morgan to the primitive cumulus of 
the Araneid egg (p. 42). A depression then appears at this point 
(Fig. 64 Z>, e), and from this an active proliferation of cells takes 
place. Morgan himself regards this as the formation of the meso- 
derm, and believes that some of the amoeboid cells which grow into 
the yolk are also of entodermal nature. The two germ-layers are not 
yet distinct from one another. In any case, the whole process shows 
great similarity to the formation of the germ-layers in the Araneae. 
Amoeboid cells are formed which grow into the yolk, and give rise 
later to the enteron. That some of the cells which originate near 
the invagination represent the rudiment of the mesoderm cannot be 
doubted. These cells soon increase greatly in number, and become 
arranged into two bands, the mesoderm-bands. The invagination 
which, on account of its relation to the formation of the germ-layers, 
might be regarded as the blastopore, is held by Morgan to be the 
stomodaeum. 

The two genera Tanystijlum and PJioxichiUdiuniy possess smaller 
eggs less richly provided with yolk, and these differ in their develop- 
ment from the larger eggs just described, inasmuch as they undergo 
equal cleavage, by means of which the egg breaks up into two, four, 
eight, and sixteen blastomeres of equal size. In consequence of this, 
the pyramidal cells of a later stage are also approximately equal in 
size (Fig. 65 ^). The fact that the yolk contained in such an egg is 
smaller in quantity than in the other egg leads to a difference in the 
further development. An actual blastoderm is not at first formed, as 
in Pullene, but forms later by a process of delamination (Fig. 65 B), 
A cleavage-cavity also seems to arise, as may be seen in Fig. 65 B, 
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Each of the pyramidal cells divides tangentially into an inner and an 
outer cell, both of these cells then continuing to divide. The outer 
cells form at the periphery a regular layer, the blastoderm (Fig. 65 C, 
bl), while many of the inner cells lose their regular boundaries. A 
yolk-mass thus arises in which isolated cells lie {C, d and z). The 
inner cells, which were evidently the richer in yolk, have now fused 
to form a common mass. The embryo thus shows a condition similar 
to that of other Arthropoda, e.g., the Araneae, there being a 
peripheral layer of cells (the blastoderm) and an inner yolk-mass 
with cells distributed in it. The latter, indeed, arise in a different 
way in the Pantopoda, as is shown in Fig. 65 B, The formation of 
the germ-layers could not be more exactly made out in eggs with 
equal cleavage, but Morgan assumes that the enteron is formed from 
the inner cells (the entoderm). In these forms also, Morgan early 

a. j3. c. 




Fin. 65.— Sections through eggs of Tanygtylum (A and B) and Plioxichilidium (C) in the linal 
stage of cleavage (A) and in the stage of delamination and blastodonn-forntation (B and O 
(after Morgan). 62, blastoderm ; d, yolk-mass ; 2, the cells which become detached from 
the peripheral cells (blastoderm) and ^ft inward. 

noticed a depression of the peripheral cell-layer, which, like the 
depression already described in Pallene, he regarded as the rudiment 
of the stomodaeum. This depression is triangular, a fact which has 
led to its being compared with the triangular stomodaeum of the 
Araneae. 

In view of the comparatively slight knowledge which we possess of the first 
ontogenetic processes in the Pantopoda, it would be too presumptuous to try to 
form further conclusions. It has already been mentioned that a certain agree- 
ment with the conditions in the Araneae exists. The splitting of the blastoderm 
into two layers maintained by Morgan recalls the processes in the Pseudo- 
scorpiones (p. 28) ; but these also are too little understood to allow of further 
comparison. The commencement of development and the further differentiation 
at the one pole might be compared to the formation of the germ -layers in the 
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Arachnida over a limited area of the blastodenn. Morgan states very definitely 
that this budding-off of an inner layer of cells or multipolar delamination takes 
place in Pallene slowly, while the outer layer of cells is growing round the yolk ; 
this we might perhaps refer to an ingrowth of cells with a circumcrescence of the 
yolk, and compare this process with the corresponding one in the Scorpion. It 
is advisable to direct the attention of future observers to this point. When the 
depression of the blastoderm described above appears, the entoderm, according 
to Morgan, is already formed ; the depression could not, therefore, be compared 
with the blastopore, although in other respects such a comparison is suggested, 
all the more so that Morgan thinks that the mesoderm arises round this 
depression. The fact that other processes in the Pantopoda resemble those in 
the Arachnida is proved by the formation of a germ-band which, however, is 
much degenerated, but at the same time shows a certain resemblance to that of 
the Arachnida. 

Eggs rich in yolk no doubt represent the more primitive condition in the 
Pantopoda, and the formation of a blastoderm (of the usu&l Arthropodan consti- 
tution) and of a germ-band must also be regarded as primitive. The reduction 
of the yolk probably had a great influence on the ontogenetic processes, which 
thus attained the condition in which they are now found (p. 154). 



2. The Further Development of the Embryo. 

Our knowledge of the development of the embryo and the origin 
of its organs is still very incomplete. The following accounts refer 
chiefly to Pallene^ which was made the subject of careful investigation 
by Morgan. We must, however, point out that Pallene, unlike 
other Pantopoda, remains within the egg almost up to the time when 
the adult form is reached (pp. 148 and 153). 

When the invagination already mentioned has appeared on the 
thickened side of the blastoderm, other thickenings of the surface 
take place. Two of these are oval in form (Fig. 66, g\ and lie in 
front of the triangular depression (m). These represent the rudiments 
of the supra-oesophageal ganglion. Extending posteriorly from the 
invagination are two rows of thickenings ; these are the rudiment of 
the ventral chain of ganglia {g//-g/y); laterally to these the first 
indications of the limbs appear as distinct thickenings (Fig. 67, A), 
These rudiments, taken as a whole, form a band on the ventral 
surface of the egg, narrow anteriorly, but broader posteriorly, which 
may with safety be compared with the germ-band of other Arthro- 
pods. As the yolk-mass is not very large, the germ-band covers a 
great part of the egg. As the embryo develops further, it extends 
laterally, covering a still larger part, so that it can no longer be 
designated as a distinct germ-band, but rather as the embryonic 
rudiment surrounding the egg. During this process the embryo has 
also grown somewhat longer (Fig. 67 A). 
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The order of appearance of the limbs varies in the different forms. 
In Pallene, according to Morgan, the first to develop is the most 
anterior pair; these limbs lie near the mouth and are chelate, but 
their first appearance has not been observed with certainty. The next 
pair to arise is the fourth, and, in the gap which naturally occurs 
between these limbs, two pairs 
of ganglia are visible, those of 
the second and third pairs of 
limbs (Figs. 66 and 67-4). ^ 
The fourth pair of limbs is 
followed by the fifth and sixth. 

The third pair develops later, ^ 

but the second pair is alto- 
gether wanting in Pallene, and ^" 
the seventh pair, like the V 
third, appears a short time 
before the embryo leaves the 
egg-envelope. Pallene is thus 9Jf' 

seen to possess, as an embryo, ^'°; W^-Superficial a.pect of .n e^ of PaiUne. 

^ ' •' ' showing the anterior part of the embryonic 

all the limbs of the adult. mdiment (after MoroamX g, rudiments of the 

In most other Pantopoda, Sir::S:S:^' to^2 V^^Ct^ 

however, this is not the case, second, third, and fourth pairs of limbs ; «, 

1 .1 . £ 1* 1 i_ > mouth; /, first limb; IV. rudiment of the 

only three pairs of limbs being fourth limb, 
usually developed within the 

egg-envelope. Nymphon hrevicavdatum resembles Pallene in possess- 
ing all the limbs of the adult at the time of hatching (Hoek). 

While the limbs are appearing and gradually developing, the rudi- 
ment of the nervous system also undergoes further differentiation. 
Five pairs of large ganglia can be distinctly made out (Fig. 67-4). 
They belong to the segments carrying the second to the sixth limbs. 
It would be interesting to discover the relations of the ganglia which 
innervate the first pair of limbs to the supra-oesophageal ganglion, 
t.e., whether they represent a post-oral pair of ganglia fused with 
the supra-oesophageal ganglion. The two anterior of these five pairs 
of ganglia approximate closely to each other later (Fig. 72 B\ and 
in the adult these two ganglia, belonging to the second and third 
limbs, are united. The ganglia of the first three pairs of ambulatory 
limbs (Fig. 67 A\ which appear early, are followed at a much later 
stage by those of the fourth pair (the seventh pair of limbs) and 
the abdominal ganglia. 

In each of the ectodermal thickenings which represent the rudi- 
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ments of the ganglia a pit-like depression appears (Fig. 67 A and 
B, e)y round which the cells of the thickening show a regular 
epitheloid arrangement (Morgan). An ectodermal depression thus 
takes part in the formation of the ganglion. The invagination closes 
later, hut its cavity can still he recognised after the ganglion has 
shifted inward, and has lost its connection with the ectoderm 
(Fig. 68, e). 

AVhen the two anterior pairs of ganglia unite they appear as a single pair, in 
which, however, there are four pits, which proves that this one pair is composed 
of two. 

Mono AN 's statement as to the participation of ectodermal invaginations in 
the formation of the ventral ganglia is so definite, that we do not seem justified 

in doubting this fact {tf. Figs. 67 
and 68). He himself compares these 
structures with the ventral organs of 
PeripcUtis (p. 189), and there is no 
doubt a certain similarity between the 
two ; but it must be pointed out that 
the ventral organs are by no means 
in such direct connection with the 
ganglia as are the depressions in the 
Pantopoda. 

A participation of an ectodermal 
invagination similar to the above 
in the formation of the brain cannot 
be established, although it is just here 
that we should expect it, when we 
take into account the cerebral pits 
in the Arachnida. 

The development of the ex- 
ternal shape of the hody is com- 
pleted by the addition of the 
missing appendages, the length- 
ening of the embryo, and the 
commencement of segmentation. 
The first pair of limbs shifts 
anteriorly and dorsally. At its 
base, the proboscis or beak 
apj^ears to arise as an unpaired 
anterior outgrowth of the body, carrying the mouth at its extremity. 
At the posterior end of the body, the vestigial abdomen appears as 
a small pointed appendage, at the end of which the anus forms. 

The first of the internal organs to claim attention is the enteron. 
The entoderm has become arranged into an epithelium surrounding 
the yolk-mass (Fig. 68, en^), and from this, diverticula, also filled 




Fio. 67.— il, embryo of PaUene empuio, seen 
fh)m the ventral side. B, part of a tranS' 
verso section through the same, to show 
the paired depressions (e) on the ventral 
sorftce (after MoroanX I-VI, limbs; bj/, 
ventral chain of ganglia, the depressions 
(e) being visible In the ganglia ; ect, ecto- 
derm ; ent, entoderm ; me«, mesoderm. 



Digitized by 



Google 



THE FURTHBR DBVBLOPMBNT OF THE EMBRYO. 147 

with yolk, grow out at an early stage into the limbs (di). These are 
the intestinal caeca, which, in the larva (Fig. 72 A), as well as in 
the adult, run far into the limbs. This an-angement recalls that in 
Chdifer, where the yolk also extends far into the limbs (p. 29, and 
Fig. 16). This is also the case in the Acarina, and in the embryos 
of some Araneae, e.g., Agdlena (Locy). This peculiar feature is 
known to be retained throughout life in the Pantopoda, in which 
the trunk is much reduced as compared with the limbs. These 
latter also contain the genital organs in the adult, and this explains 
the fact that a process of the mesoderm at an early stage runs 
between the ectoderm and the entoderm into the rudiment of the 




Fio. 68.— Transverse section through an embryo of Pallene empusa at a somewhat older stage 
than in Fig. 07 A. The ventral depressions (e) have clos^ (after Morgan), hg, ventral 
nerve-stiand showing fibrous stnictnre on the dorsal side ; coe, mesodermal cavity in the 
limb ; d, yolk ; di, intestinal caeea of the limbs ; e, the closed ectodermal invagination ; 
ect, ectoderm ; ent, entoderm ; mes, mesoderm ; p, pair of ambulatory limbs. 

limb. According to Morgan, a cavity bordered by a mesodermal 
epithelium lies at the base of each limb, the mesodermal process 
extending from this point into the limb (Fig. 68, mes), Morgan 
does not hesitate to speak of the body-cavity of the limbs. In any 
-case we thus have here the primitive segments which, taken together, - 
represent the two already segmented mesoderm-bands. These latter, 
together with the rudiments of the ganglionic chain and the limbs 
on each side, form the germ-band (Fig. 66), although this is con- 
siderably reduced in accordance with the small size of the egg. As 
these mesoderm-bands develop at the thickened part of the blastoderm, 



Digitized by 



Google 



148 PANTOPODA. 

the region beneath which the mesoderm extends may be regarded as 
the germ-band, the Pantopoda, as has already been pointed out» 
agreeing in this respect with other Arthropods. 

Should the appearance of primitive segments and their extension into the 
limbs be confirmed, a strong resemblance to the Arachnida would be established. 
PeripcUua, indeed, and many of the Insccta, show the same arrangement, but 
we do not feel confident in laying so much stress either on this or on the 
similarity to the ventral organ which Morgan specially points out. Trans- 
verse sections of embryos of Pallene (Mobgan) and of Nymphon (Hoek) show 
unmistakable similarity to sections of a spider. 

The further development of the mesoderm, its relation to the 
adult body-cavity, and the formation of the heart, have not yet been 
ascertained with sufficient certainty. The heart appears in the dorsal 
middle line after the mesoderm has already given rise to a number 
of schizocoele-like cavities. More accurate accounts of the participa* 
tion of the primitive segments in these processes (the further 
differentiation of the mesoderm and the formation of the heart) 
would be of great interest. 

The mesodermal tissue with its cavities increases in extent as the 
yolk-mass degenerates. The latter is absorbed by the surrounding 
entodermal epithelium. Yolk-cells do not appear to play any 
special part in this process, and may, indeed, be wanting. The 
enteron becomes' connected with the stomodaeum, which is derived 
by Morgan from the invagination already mentioned as appearing 
very early. The proctodaeum does not appear until very late, when 
the seventh pair of limbs and the abdomen form. 

The Form of the Larva and its Transformation into 
the Adult. 

The Larva. Most of the Pantopoda develop through metamor- 
phosis. The larvae usually have three pairs of limbs, but some 
leave the Qgg in a more advanced condition; the young Pallene^ 
for instance, when hatched is provided with all the limbs of the 
adult, and this higher stage of development is also attained in the 
egg by a few species of the genus Nymphon, The various species 
of this genus differ from each other in this point; in some of 
them the larva, at hatching, has only four or five pairs of limbs 
(Hobk). 

The many Pantopodan larvae that have been described differ only 
slightly from each other, and are easily derived from a larval form 
provided with three pairs of limbs. This form, which was first 
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carefully examined by Dohrn, has a compact body (Fig. 69), some- 
times almost square, or else rounded, seldom long or ovaL The 
body is not externally segmented, although it carries three pairs of 
limbs; in this respect this larva bears a certain resemblance to the 
Crustacean Nauplius. It has been compared with the latter, but 
the resemblance is merely superficial. 



oi i,ne gisnauiar secreuun i y, uraia vwua toe eyes auove i\>)\ m, muscies ; *, proDOSCia ; 
Vf vacuoles in the gland. 

The larva, as already stated, is supplied with three pairs of 
limbs. The most anterior limb has three joints, and is chelate. 
At its base it has a movable spine (Fig. 69, d\ which, in other 
genera, is considerably longer than in the larva of Achelia depicted 
in Fig. 69. This appendage brings about a certain similarity 
to the biramose limbs of the Crustacea, but we would not lay 



Digitized by 



Google 



150 PANTOPODA. 

any great stress upon this point, A tolerably large spine, 
comparable with that on the first limb, also occurs on the two 
following limbs (Fig. 69). That on the first extremity, however, 
is distinguished from the others by having at its point the aperture 
of a gland (dr). The fine filaments which can be produced through 
this aperture serve for attaching those larvae which, after quitting 
the egg-envelope and undergoing the first moult, fix themselves on 
the ovigerous limbs of the male. The second and third pairs of 
limbs possess hooks only (Fig. 69, //. and ///.). The muscles 
of all the limbs, especially the first, are well developed. Whereas 
the first are used for fixation, and especially for prehension, the two 
posterior pairs are used for crawling and climbing. These larvae 
live among algae, Hydroids, etc. 

Another feature of the external organisation of these larvae is 
the proboscis, or beak, which arises as a ventral conical outgrowth 
between the bases of the anterior limbs (Fig. 69, «). At its tip 
lies the oral aperture. 

It appears as if the proboscis arose near the stomodaeum as an ectodermal 
outgrowth, although some have been inclined to attiibute its origin to fusiou 
of the upper lip with a pair of limbs (Adlerz). It is impossible to decide 
whether we are justified in comparing it to the pravisional proboscis of CJulifery 
which it cannot fail to recall, on account of the slightness of our knowledge of 
this latter organ. 

The intestine is already provided with outgrowths, the anterior 
pair of which are beginning to extend into the first pair of limbs 
(Fig. 69). From the intestine, fibres of connective tissue extend to 
the body-wall. The anus does not yet seem to be present (Dohrn), 
and no doubt does not appear until later with the rudiment of the 
abdomen (Fig. 71 B). 

The nervous system of the larva consists of the supra-oesophageal 
ganglion and only two pairs of ganglia on the ventral side. Im- 
mediately above the supra-oesophageal ganglion lie the two eyes 
in close contact (Fig. 69). The manner in which these arise is of 
special interest, as it appears to offer a further point of agreement 
with the Arachnida. 

The eyes, like the nervous system, attain full development during 
metamorphosis. The two eyes of the former stage are now joined 
by another pair. So as to understand how these develop we shall 
have to explain briefly the structure of the Pantopodan eye, which 
is as yet very insufficiently understood. These eyes, like those of 
the Araneae, consist of a corneal lens, a subjacent hypodermis 



Digitized by 



Google 



DEVELOPMENT OP THE BYE. 151 

(vitreous body), a thick layer of retinal cells, and a layer of pigment 
behind the whole. In the retina, the edl nudei lie in front of the 
rods; these loiter therefore belong to the posteinor part of the cells, 
and thus come into direct contact with the pigment-layer (Fig. 70, st). 
The nerve-fibres become connected, however, with the outer ends of the 
visual cells, so that here also the same conditions prevail as are found 
in the posterior middle eyes and the lateral eyes of the Araneae 
(Fig. 34, p. 64). This last point, which seems to be implied in the 
description given by Hoek, has recently been established by Morgan 
(No. 12). 

The ontogenetic stages, as well as the adult structure, closely 
resemble those of the Arachnida, as may be seen by comparing 
Fig. 70 with the ontogenetic stages of the eyes of the Scorpiones 
and the Araneae illustrated in Fig. 10, p. 14, and Fig. 35, p. 65. 
In Fig. 70, an invagination extending from one side below the hypo- 
dermis is suggested. The retina and the pigment-layer thus arise, 
and out of the superjacent hypodermis the layer forming the vitreous 
body, which secretes the lens on its outer side. An inversion thus 
takes place in the formation of the eye, and its innervation would 
be from the first explicable in the same way as that of the eye of 
the Araneae. 

In earlier stages in the development of the eyes, an invagination 
is not so distinctly recognisable 
as in the eyes of the Araneae. 
The diflferent layers of cells lie 
somewhat close to one another, 
and Morgan assumes that no 
actual (complete) invagination 
takes place, but rather that 
new cells are continually being 
added to the eye from the 
point of ingrowth, and that 

*, o ti iv 1 Ti Fio. 70.— Longltiidinal section through one of 

thus linally the layers, like the posterior eyes of the larva of ra»y«<»lum 

those in the Arachnid eye, are (alter morgan), c. cuticle ;««, *y, ectoderm 

J /-n.. «r.\ A xT_- 1 (hypodermis) ;fffc, vitreous body ;i>i. pigment- 

formed (Fig. 70). A thicken- layer; r, retina ;««, rods. 

ing of the hypodermis, which 

appears laterally to the eye, perhaps yields the new cell-material. 
This hypodermal thickening recalls the one found near the Crus- 
tacean eyes and those of Limulus (Vol. II., pp. 280 and 359). 

The development and the structure of the Pantopodan eyes suggests through- 
out a comparison with those of the Arachnida. Morgan's statement that the 
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rods arise through fusion of the rods of two neighbouring cells, makes tho 
similarity appear still more striking, and leads to the same conclusion in both 
cases ; viz., to a derivation of these apparently simple eyes from compound eyes. 
Our knowledge of the eyes of the Pantopoda is, however, still too slight to 
allow of any definite conclusions ; Morgan even adopts an altogether opposite 
view, and explains the inversion which in all cases is present in these eyes, by 
the degeneration of the posterior part of an optic invagination and the better 
development of the anterior part. In this way he derives the inverted 
Pantopodan eyes from such simple eyes (ocelli) as those of the Insecta, being 
guided in this decision chiefly by a certain bilateral symmetry in the Panto- 
podan eye. But that method of development as it appears in the ontogeny of 
the eye, i.e., the growth of the invagination towards one side, is merely a 
caenogenetic process, and serves for the quicker attainment of the stnicture now 
possessed by the adult eye. It has the significance of an abbreviated develop- 
ment As a logical consequence of this view, a corresponding assumption must 
be made for the Arachnid eyes. We cannot here examine Morgan's conclusions 



a. 



V- 



Fio. 71.— Larvae of Tanystylum in two different stages, seen from the ventral side (after 
Morgan), a, anus ; abd, abdomen ; bgj ventral chain of ganglia ; m, mouth ; s, probcracis ; 
I-IV, first four llmbe. 

more closely, but refer to the original treatise and to our own view of the eyes 
of the Arachnida given above (p. 68). On the other hand, it must be mentioned 
that the description recently given by Claus (No. 2) of the origin of the 
median eye in the Crustacea, involuntarily recalls the condition of the eyes 
in the Pantopoda. Tho median eyes of the Crustacea are said by Claus to 
arise by inversion, and seem to have their elements arranged like those of the 
Pantopodan eyes. The rods lie on the inner side, directed towards the pigment- 
cup of the eye, while the nerve-fibres join them from the opposite side, where 
also lie the nuclei of the retinal cells. 

The principal change which brings about the transformation of 
the larva into the adult is the formation of new segments at the 
posterior part of the body. The limbs already present either pass 
over directly to the adult, merely growing and developing further, or 
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some of them, usually the second oi third, and in many cases both 
of these or even all the three anterior pairs temporarily degenerate, 
the corresponding adult limbs growing out at the same points 
(DoHRN, Hobk). In Pallene the second pair is wanting, and does 
not even occur as a vestige, while in Tanystylum the first pair is 
wanting as a functional appendage, but appears ontogenetically as a 
well-developed pincer-carrying limb (Fig. 71 ^ and B\ and only 
gradually degenerates in the later larval stages ; it is still present in 
the adult as a small, vestigial two-jointed bud (Morgan). The 
position of the second and third pairs of degenerated limbs is 
marked by the appearance of the apertures of what are presumably 
excretory glands (coxal glands). The tubular spine of the first 
limb, through which the above gland opens, is thrown off intone of 
the moults and gives place to an ordinary short spine. It has 
therefore the significance of a larval organ. 

The first indication of the formation of new body-segments is, 
according to Dohrn, found in a paired swelling of the intestine 
behind the last of the larval limbs, accompanied by a bulging of the 
body-wall. At the same time, in the posterior part of the ventral 
surface, a thickening of the ectoderm appears which is the rudiment 
of a new pair of ganglia. The ectoderm begins to become wrinkled 
in the posterior part of the body and rises up above the newly- 
formed lower layer. The larva now moults, after which it is evident 
that a limb has appeared on the bulging of the body- wall just 
mentioned; into this limb an intestinal caecum is continued. It 
is thus clear that this is a new limb, which soon develops and 
becomes jointed (Fig. 71 i4 and B). The other limbs form in the 
same way. Only when the body thus lengthens do the three 
anterior pairs of limbs also take part in the transformation (Dohrn). 
The short abdomen arises as a posterior sac-like swelling, and the 
anus appears upon it (Fig. 71 B). 

The transformation of the six-limbed larva just described takes 
placo in some forms, as has already been mentioned, within the 
egg-envelope; Nymphon brevicoUum, for example, leaves the egg 
when provided with five well-developed pairs of limbs (Fig. 72 
A and B), and the first rudiments of a sixth pair. Other points 
of its organisation, especially the shape of the limbs with the 
intestinal caeca extending far into them, can be made out without 
further assistance from Figs. 72 A and B, The young of Nymphon 
brevicaudatum possess all the limbs at hatching (Hoek), and the 
same condition is found in the genus Pallene (Dohrn, Morgan). 
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During metamorphosis, the rudiments of the genital organs which 
were not observed in the six -limbed larva become recognisable. 
In the larva with four pairs of limbs (Fig. 71 ^), a compact mass 
of cells, the first rudiment of the genital gland, lies in the median 
line dorsally to the enteron, somewhat near the fourth pair of 
limbs (or first ambulatory limbs). The anterior end of this mass 
splits later into two parts, which grow out towards the bases of the 
limbs just mentioned. The posterior end of the germ-gland then 
splits in the same way, the genital tubes which run into the limba 
thus arising. The wide tubular rudiment of the heart has formed 
at the anterior part of the body, also from mesoderm cells, dorsally 
to the genital rudiment, and thus directly beneath the integument. 

a, »• 



Fio. 71— Lan*ae of Nymphon brevicoUum soon after hatching. A, dorsal, B, Tentral aspect 
(after Hoek). /-K, the Ave anterior limbs ; hg, ventral chain of ganglia ; d, yolk-roasa ; 
di, diverticulum of the yolk-filled enteron in the limb ; g, brain ; s, proboscis. 

The diflferences observed in Pallene and Nymphon give iise to the question 
as to which method of development is to be considered the more primitive 
among the Pantopoda ; in this respect the appearance of larval organs and the 
casting of a larval integument, observed by Dohrn in Pallene, suggest tliat 
the direct development of this form must be regarded merely as an abbreviation 
of the indirect method of development, and that the latter is the more 
primitive. In consequence of the more complete development of the embryos 
in the egg the latter must have a richer supply of nutritive material. The 
large amount of yolk in the eggs of Pallene and Nyinphon would, under these 
circumstances, appear as a later acquisition, and it then seems doubtful whether 
we ought to ascribe to the first ontogenetic processes of these eggs a truly 
primitive character, although we feel inclined to do so on account of the greater 
resemblance of their development to that of other Arthropoda. 

The course of deyelopment in Fhozichilidiam differs from that 
of other Pantopoda in that the form of the larva undergoes 



Digitized by 



Google 



THE LARVA OF PHOXICHILIDIUM. 



155 



considerable degeneration before passing into that of the adult. 
This is connected with its parasitic manner of life. 

On leaving the egg, the larva of Phoxichilidium possesses on the 
whole the organisation of the usual six-limbed Pantopodan larva, 
but is .distinguished from the latter by the fact that the usually 
hook-like terminal joints of the two posterior pairs of limbs are 




C. 





n.— 



Fio. 73.— Various larval stages of PluyxicMlidium. (after Dohrn, Sempbr, and Adlxrz). A^ 
tree larva with the tendril-like flagellae on the two posterior pairs of limbe {II and III), 
B-Dy larval stages found in Hydroid polyps. {A is more highly magnified than the other 
flgurea.) /-///, limbs ; d, intestine with its caeca ; dr, glands of the first limb ; %, larval 
Integument in the act of becoming detached ; n, ventral chain of ganglia ; s, proboscis. 

much lengthened, and form long flagellae, which can coil up like 
tendrils (Fig. 73 i4). These flagellae, which may be much longer 
than those represented in Fig. 73 (e.^., in Phoxichiltdium femoratum, 
(Hoek)), are probably used for attachment, the larvae winding them 
round the Hydroids {e.g.y Hydractinia, Podocort/ne, TubulanUy 
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Plumvland)y which are chosen by them as hosts. Dohrn assumes 
that the larvae, aftei attaching themselves to the Hydroids by the 
help of the flagellae, throw off during a moult the two posterior 
pairs of limbs that carry the latter, and pass through the oral 
aperture of the polyp into its gastral cavity. They are certainly 
found later in such a position, and here pass through the further 
stages of their development. 

The tendril-like flagellae seem not to occur in all PJioxichilidia, for R. von 
Lendenfeld has described a larva of Ph, plumulariae not diatinguished in any 
way worth mentioning from the usnal Pantopodan larva. This larva farther 
differs from other PJioxichilidia in its manner of life ; it does not penetrate into 
the polyps, but only attaches itself to them by the help of its pincers and by 
burying its beak in the host's body at the base of the head. The larva remains 
in this position until it has almost attained the form of the adult animal. 
We may gather from v. LendenfelD's description that the further development 
of the forms discovered by him takes place as in other Phoxiehilidia, for he also 
mentions a two-limbed stage. 

It has already been stated that the larvae cast off the flagellae and 
limbs at ecdysis (Sbmper, Dohrn). The larva moults several times 
(Fig. 73 -B), the second and third pairs of limbs degenerating 
completely (Sempbb); but, according to Adlerz, some vestiges of 
the posterior pairs are retained (Fig. 73 C and Z)), and it is in 
place of these that the second and third limbs of the adult arise. 
The larvae, several of which often occur in one polyp, with their 
large anterior limbs, have a very peculiar appearance (Fig. 73) in 
this stage. In the following stages the limbs are found to degenerate 
still further (this is also evident from the figure given by Adlerz), 
but, with the bulgings of the intestines, the rudiments of the 
posterior segments begin to appear. The ganglia of these develop 
and the outgrowths of the body-wall which yield the limbs soon 
appear (Semper, Adlbrz). These processes seem, on the whole, of 
the same nature as those before described. When three pairs of 
ambulatory limbs have formed, and the fourth is present as a 
rudiment, the young Phoxichilidium leaves the polyp and leads 
a free life. 

4. (General Considerations. 

Although much has been written as to the relationships of the 
Pantopoda, these are still far from clear. The ontogeny of these 
animals, as far as it is now known, unfortunately throws little light 
upon the subject. In comparing the Pantopoda with other divisions 
of the animal kingdom, attention is turned chiefly to the Crustacea 
and the Arachnida. The form of the larva is of the greatest 
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importance in a comparison with the former, while in comparing 
the Pantopoda with the Arachnida the shape of the adult receives 
more attention. It cannot be denied that the whole appearance of 
the Pantopoda suggests a certain similarity to the Araneae. But 
a nearer comparison at once reveals a difficulty, inasmuch as the 
Pantopoda possess one pair of limbs more than the adult Arachnid. 
An attempt has been made to overcome this difficulty by considering 
the first two pairs of limbs of the Pantopoda (Fig. 74, 1 and 2) 
as equivalent to the chelicerae and the pedipalps of the Arachnida, 
and the third to the sixth limb of the former as equal to the 
ambulatory limbs of the latter (Fig. 74, 3S), The ovigerous limbs 
(Fig. 74, 8) would thus represent the first pair of ambulatory limbs 
of the Arachnida, and the seventh limb would be the homologue of 



Fio. 74.— Male of NympTion hispidum seen Arom the ventral aide. The setae are omitted (after 
HoBK, from Lang's Text-book). 1-7^ limbs ; ah, abdomen ; «, proboscis. 

the first pair of abdominal limbs. In view of the fact that in the 
Insecta an abdominal segment is separated from the posterior part 
of the body, and may enter into the closest relation to the thorax, 
such a view might be defended. Those who adopt it consider that 
the addition of another pair of limbs to those already specialised 
for locomotion was determined by the withdrawal of the third limb 
from the ambulatory series for use in the care of the brood. 
According to this view, the four pairs of ambulatory limbs of the 
Pantopoda would not be homologous with those of the Arachnida. 
The last homology must, however, be regarded as possible, and in 
that case the loss of an anterior limb in the Arachnids would have 
to be assumed. It has already been pointed out (p. Ill) that the 
rostrum has been conjectured to represent a pair of limbs. 
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In carrying farther these attempts to homologise the limbs, this last 
asmimption leads to certain diflSculties as to the position of those now under 
consideration. A careful examination of the various views held on this subject, 
which are all more or less speculative, would lead us too far, but we must draw 
attention to the fact that the ovigerous limbs have by some been regarded not 
as independent limbs, but as belonging to the second limb. Schimkewitsch, 
who adopted this view (Nos. 14 and 15), in defending it laid weight on the fact 
that the rudiments of the pedipalps in the embryos of the Araneae are biramose 
(pp. 52 and 112). Each of the branches is said to give rise to a limb. This 
view is not supported by ontogeny, since, in the Pantopodan larva, the second 
and third limbs arise quite separately. Just as little does ontogeny support the 
view that the tripartite proboscis of the Pantopoda arises through the fusion 
of a pair of limbs with an (unpaired) upper lip. A thiixl pair of limbs would 
then be added, for it cannot be assumed that the paired pieces are merely parts 
of one limb. The loss of two pairs of limbs by the Arachnida has even been 
suggested (Cronebbuo, p. 111). Tlie ontogeny of the Pantopoda seems to show 
that the beak is, as Dohrn assumes, only an outgrowth of the lips of the 
stomodaeum. The number of the ganglia corresponds to that of the limbs, 
Adlerz, indeed, finds (in the adult), besides the ganglia of the second and 
third limbs, another pair which innervates the proboscis. A final decision on 
this point will only be possible when the ontogenetic conditions are clearly 
established. 

The first limb is innervated from the brain, while the second and third limbs 
receive their nerves from the first and second ventral ganglia. It would be of 
the greatest importance to make certain whether an originally post-oral ganglion 
unites with the brain, as in the Cinistacea and the Arachnida. If this is not the 
case, the limbs lost in the Arachnida must be considered to be the first limbs 
of the Pantopoda, and their homologues must be sought in the conjectural 
rostral limbs of the Arachnida. It does not, however, seem probable that the 
first chelate limbs should be true antennae, and consequently not comparable 
to the cheliceitie of the Arachnida. 

We have already several times pointed out various resemblances 
between the development of the Pantopoda and that of the Arach- 
nida, but these do not appear to us suflficient to lead to further 
conclusions as to the relationship of the two groups. Morgan, 
chiefly on account of his ontogenetic researches, has recently spoken 
in favour of such a relationship. • It appears to us thatj in taking 
up this position, he was largely influenced by the structure of the 
Pantopodan eyes. But Claus has recently shown (Vol. ii., p. 167, 
and Vol. iii., p. 115) that the median eyes of the Crustacea also 
arise by invagination, and that their component parts apparently 
have the same position as those of the Pantopodan eyes (No. 2), 
so that in this character there is similarity to the Crustacea just as 
much as to the Arachnida. 

In assuming the loss of an anterior limb, we are obliged to shift 
back any connection between the Pantopoda and the Arachnida to 
very early times in the history of the Arthropoda, before the 
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Arachnida arose from forms nearly related to the Xiphosura, for 
the Arachnida agtee with the Xiphosura in many more points 
than with the Pantopoda. If we must remove the union of the 
two to such a remote period, the few points of comparison again 
lose their significance, seeing that they refer chiefly to the more 
highly developed forms and not to the lower forms. To derive 
the Pantopoda directly from the Arachnida, however, seems im- 
possible, the latter having attained far too high a grade of 
organisation to allow of such a derivation. 

Even if the Pantopoda were originally related to the Arachnida 
or some other segmented form, they have in their whole organisation 
become far removed from it, and have become markedly specialised. 
The decided preponderance of the limbs over the trunk, and the 
almost complete degeneration of the latter (Fig. 74) determined 
the displacement of the internal organs (intestinal caeca and genital 
glands) into the limbs. The opening of the genital organ on the 
second joint of the limbs is probably a consequence of this change, 
and thus has a secondary character. In those cases in which the 
genital apertures are found, not on several limbs, but only on the 
seventh pair, as in Pycnogonum, we might be inclined to derive this 
condition from that in LimuLus and the Arachnida, in which the 
genital apertures lie in the first [second] abdominal segment, and to 
regard it as primitive, but such an assumption is not supported 
by any convincing evidence. 

The reduction of the trunk as compared with the limbs becomes 
still more marked through the degeneration of the abdomen. The 
latter is merely a short, truncated appendage of the body (Fig. 74), 
but the presence of two pairs of ganglia (Dohrn) shows that it 
originally consisted of more than one segment. In Ammothea and 
Zetes, the abdomen shows externally a division into two parts, 
and in some other Pantopoda evidence of a larger number of 
segments (three to seven) is said to be forthcoming (Hoek, No. 7, 
pp. 453 and 454). 

Should the Pantopoda prove to be connected at the roots with the 
Arachnid stock, they would thus in a certain way be related to 
the Crustacea. The latter, however, appear to us to be too far 
removed in structure to admit of any relation between the Panto- 
podan larva and the Nauplius. Those recent observers who have 
most thoroughly studied the ontogeny of the Pantopoda cannot find 
any close relation between the two. Hobk regards the larva as 
representing the primitive racial form, just as the Nauplius was 
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formerly regarded. Dohrn considers it to be, like the Nauplius^ 
a modified Annelid larva, and derives the Pantopoda from forms 
resembling the Annelida. Morgan, however, is unable to accept this 
conclusion, but regards it as a secondary larval form which can no 
longer be referred to the Annelidan larva. It seems to us that this 
last view might easily be reconciled with that of Dohrn. 

DoHRN derives the Pantopoda from the Annelida, without relating 
them to the Crustacea and the Arachnida. He thus regards them 
as a distinct, independent group, and this is also Hoek's view 
(No. 7). Morgan, on the contrary, favours the relationship to 
the Arachnida, a view towards which Schimkewitsoh also inclines 
(No. 15). He attributes the Pantopoda to the same racial form 
as the Arachnida, but believes that they branched off early and 
developed in a different direction. The most recent investigator of 
the Pantopoda, G. 0. Sars (No. 13), does not connect them with 
either the Crustacea or the Arachnida, but wishes to make them 
into a separate class. In consequence of all these varying opinions 
we are unable to define with any degree of certainty the systematic 
position of the Pantopoda. On the whole, according to the present 
state of our knowledge, we shall do best to follow the conclusions 
of Dohrn (No. 4). If, notwithstanding this last decision, we 
have appeared to place the Pantopoda as next in order to the 
Arachnida, and to dwell on the possibility of the relationship of 
these two forms, this was done for practical purposes, since we 
should otherwise have been obliged to classify them in a less satis- 
factory manner, because they seem to show some slight similarity 
in their development, and a convergence in some anatomical points, 
to the Arachnida.* 

LITERATURE. 

Only a few of the many treatises describing the ontogenetic stages 
of the Pantopoda are here enumerated. The following literature, 
however, will afford further references. 

1. Adlerz, G. Bidrag till Pantopodernas Morfologi och Utveck- 

lings historia. Bihang till k, Svenska Vetenskap, Akad. 
Handlingar, Bd. xiii. Afd. iv. No. 11. Stockliolm^ 1888. 

2. Claus, C. Ueber den feineren Bau des Medianauges der 

Crustaceen. Anz, k, k Akad, Wiss. Wien, Mat, 1891. 
No. 12. 

* [Ihle (App. to Lit. on Pantopoda, No. L ) holds that it is impossible to ally 
the Pantopoda with the Arachnida or with the Cnistacea, but thinks that the 
Myriopoda may be regarded as the ancestral stock. He lays special stress on 
the presence of a pair of abdominal appendages. — £d.] 
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Arthropoden. 2. Pycnogoniden. Jen, Zeiisekr. f. Naturw, 
Bd. V. 1870. 

4. DoHRN, A. Die Pantopoden des Golfes von KeapeL Fauna 

und Flora des Golfes von Neapel. Monographie iii. Leipzig, 
1881. 

5. Faxon, W. Bibliography to accompany "Selections from 

Embryological Monographs.'' Pycnogonida. Bull, Mus. 
Comp. ZooL Harvard College. Vol. ix. 1882. p. 247. 
(Contains the older bibliography.) 

6. HoEK, P. P. C. Report on the Pycnogonida. Voyage of 

HM,S, Challenger, Zoology. Vol. iii. 1881. 

7. HoBK, p. p. C. Nouvelles ifctudes sur les Pycnogonides. Archiv. 

Zool. exper. Tom. ix. Parts, 1881. 

8. HoDGE, G. Observations on a species of Pycnogon (Phoxichili- 

dium coccineum) with an attempt to explain the order of its 
development. Ann. Mag. Nat. Hist (3). Vol. ix. 1862. 

9. Lendenfeld, R von. Die Larvenentwicklung von Phoxichili- 

dium plumulariae. Zeitschr. /. Wiss. Zool. Bd. xxxviii. 
1883. 

10. Morgan, T. H. Preliminary Note on the Embryology of the 

Pycnogonids. Johns Hopkins Univ. Circulars. Baltimore. 
Vol. ix. No. 80. 1890. 

11. Morgan, T. H. The relationships of the Sea-spiders. Biological 

lectures delivered at the Marine Biological Laboratory of 
Woods Holl. Boston, 1891. 

12. Morgan, T. H. A contribution to the Embryology and 

Phylogeny of the Pycnogonids. Studies Biol. Lab. Johns 
Hopkins Uvniersity. Baltimore. Vol. v. 1891. 

13. Sars, G. O. Pycnogonidea. Den Norske Nordhavs-Expedition 

1876-78. Bd. XX. Clinstiania, \%n. 

14. ScmMKBWiTBCH, W. Etudc sur Tanatomie de Ti^peire. Ann. 

Set. Nat. (6). Zool. Tom. xvii. 1884. 

15. ScHiMKBWiTSOH, W. Les Arachnides et leurs affinity. Archiv. 

Slaves Biol. Tom. i. Paris, 1886. 

16. Semper, C. Ueber Pycnogoniden und ihre in Hydroiden 

schmarotzenden Larvenformen. Arb. Zool. Inst. Univ. 
Wiirzburg. Bd. i. 1874. 

APPENDIX TO LITERATURE ON PANTOPODA. 

I. Ihub, J. E. W. Ueber die Phylogenie und Systematische Stellung 
der Pantopoden. Biol. Centralbl. Bd. xviii. 1898. 
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CHAPTEK XXIV. 

TARDIGRADA. 

Thb eggs of the Tardigrada are laid either singly (MacroUotus 
Hufdandi) or several together, and are left in the cast-off skin of 
the mother. In the case of eggs laid singly, the egg-integument is 
thickly studded with small prominences which render its examination 
very difficult. When several eggs are laid together the egg-envelope 
is smooth and transparent. The species investigated by Kaupmann 
seems to have been comparatively easy to study, and he was able to 
establish the fact that its cleavage is total and equal, as v. Sibbold 
had already stated. Kaufmann followed the process of cleavage up 
to the formation of a morula stage composed of cells of about equal 
size. He then observed the separation of a peripheral cell-layer from 
the central mass, and the flexion of the embryo which supervenes. 
The concave side of the embryo seems to correspond to the ventral 
surface, for the limb-rudiments here arise on the two sides. Two 
pairs of prominences appear first; these are apparently the two 
anterior pairs of limbs, which are followed by the third and fourth 
pair. When the young leave the egg, they possess the full number 
of limbs and have the general form of the mother. 

▼. Sibbold's statement (No. 4, p. 658), that the Emydiae have only three 
pairs of limbs when they leave the egg, may be traced to a misunderstanding of 
Dot^bb's account (No. 1). This author states that the limbs are here not fully 
developed, not that one pair is wanting. It does not appear from v. Sibbold's 
account that he himself investigated this point, which is of interest in con- 
nection with the comparison that has repeatedly been made between the 
Tardigrada and the Acarina. 

The accounts of the ontogeny of the Tardigrada are unfortunately 
so scanty that we can hardly gain anything from them applicable to 
the whole group. We cannot even tell for certain if a blastoderm and 
germ-band develop, although this is probable. The armature of the 
mouth is evidently a product of the stomodaeum, as may be gathered 
from the study of the adult anatomy ; mouth-parts (in the sense in 
which the term is used of the Arthropoda) apparently do not appear 
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even as rudiments.* For this reason alone, the association of the 
Tardigrada with the Arachnida and especially with the Acarina, 
which has repeatedly been attempted, chiefly on account of the 
number of limbs, cannot be maintained. With regard to the number 
of their limbs, the Tardigrada cannot be compared with any other 
division of the Arthropoda, and the form of their limbs is so simple 
as to distinguish them in this respect also from all other Arthropoda. 
The segmentation of the body in the Tardigrada is peculiar, inasmuch 
as the abdomen is wanting and the anus lies in front of the last pair 
of limbs. In other points also the organisation of the Tardigrada 
shows peculiarities which distinguish it from that of other Arthropods; 
we may mention, by way of example, the unstriped muscle-fibres and 
the absence of special respiratory organs, and of a vascular system. 
For these and other reasons {cf, Plate, No. 3) we are led to consider 
the Tardigrada as a lateral branch of the Arthropod stock which 
separated from it near its root, and developed in a special and unique 
direction. 

LITERATURE. 

1. Dot£:rb, M. M^moire sur les Tardigrades. Ann. Set. Nat. 

(2). Tom. xiv. Zool. 1840. 

2. Kaufmann, J. Ueber die Entwicklung und systematische Stel- 

lung der Tardigraden. Zeitschr. /. Wiss. Zool. Bd. iii. 1851. 

3. Platb, L. Beitrage zur Natui;geschichte der Tardigraden. Zool. 

Jahrb. Ahth. f. Anat. Bd. iii. 1888. 

4. SiEBOLD, C. Th. von. Lehrbuch der vergleichenden Anatomic 

der wirbellosen Thiere. Berlin^ 1848. pp. 552 and 553. 

APPENDIX TO LITERATURE ON TARDIGRADA. 

L Erlanger, R von. Beitrage zur Morphologic der Tardigraden. 

Zur Embryologie eines Tardigraden, Macrobiotus macronyx. 

Morph. Jahrb. 1895. And Biol. Ceritralbl. Bd. xiv. and xv. 

II. Kennel, J. von. Die Verwandschaftsbeziehungen und die 

Abstammung der Tardigraden. Sitzungsb. Ges. Dorp. 1891. 

* [Eblanger (App. to Lit. on Tardigrada, No. I. ) has made an exhaustive 
investigation into the development of Macrohiotus macronyx. He finds that 
cleavage is total and equal ana results in the fonnation of a long, oval blastula 
with a cleavage-cavity ; an iuvagination-gastnila arises whose blastopore, which 
occupies the position of the future anus, soon closes ; a very short proctodaeum 
is formed, and the archenteron divides into a pharynx, gullet, and stomach ; four 
pairs of enterocoelcs form, and the embryo oecomes divided into a head and 
four thoracic segments. The head-ooelom enters into connection with the first 
pair of appendages ; the coelomic pouches of the second and fourth thoracic 
se^ents enter into relation with the remaining appendages, while that of the 
third se^ent gives rise to the gonads and (?) to a pair of enteric glands. The 
oral papillae, the salivary glands, the nerve-ganglia, and the eyes all arise from 
the ectoderm. Erlanoer regai-ds the head and first two thoracic segments as 
the cephalo-thorax ; the third and fourth segments as the abdomen, behind 
which 18 a transitory post-abdomen. — Ed.] 



Digitized by 



Google 



CHAPTER XXV. 

ONYCHOPHORA (Peripatus). 

Structure of the Eggs and Nourishment of the Young by the 
Mother. The eggs of Peripatus pass through their development in 
the uterus, but there is considerable variation in this respect in the 
different geographical species. This point has been carefully investi- 
gated up to the present time in P, novae-zealandiae (Australia), P. 
capensis and P. Balfouri (Africa), and P. Edwardsii, iorqucUiu, and 
Imthumi (South America). These species differ even in the size of 
the egg and of the mature embryo. The oval eggs of P, novae- 
zealandiae are 1*5 mm. long and 1 mm. broad, and the young which 
hatch from them are not much larger than the eggs themselves ; the 
eggs of P, capensis and P. Balfouri are 0*4-0'6 mm. long, but the 
newly-hatched young of the former has a length of 10-15 mm,, and 
that of the latter is about half as long. In P, Edwardsii the mature 
embryo attains the length of 22 mm., i.6., a third of that of the 
mother, while the egg is here only 0*04 in diameter. The species 
in which the young are largest at birth have thus the smallest eggs» 
and vice verad. The explanation of this striking fact is to be found 
in the circumstance that in the South American species the egg or 
embryo remains in close connection with the mother, and is nourished 
by means of a "placenta and an umbilical cord" (Fig. 88, p. 179).* 
This accounts for the extraordinarily^ small size of the eggs in this 
case, and for their being devoid of nutritive material. In the 
African species the eggs are larger, but the newly-hatched young 
are smaller than in P. Edtaardeii, there being no correlation between 
the size of the egg and that of the embryo, the latter, although not 

* We are here following the definite statements of v. Kennbl (No. 4), which 
rest upon his own observations, although we are aware of the statements made 
by HuTTON (No. 3) as to the size of the newly-hatched young of P. novae- 
zealandiae. These, according to this latter author, measure from 8 to 10 mm. 
Since v. Kennel's statements were not contradicted by the more recent 
observers of the Periifatus of New Zealand, we must assume that the difference 
is only apparent, and tliat the large size of the embryo as compared with that 
of the egg must be traced not to its greater mass, but rather to its increase in 
length and to its extension after leaving the egg. 
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attached to the wall of the uterus, is nevertheless nourished hy 
fluid yielded by that organ. In the New Zealand species, such 
nourishment from the mother is not needed, since the embryo is 
not essentially larger than the egg. In this case, therefore, the 
material for the development of the embryo must be contained in 
the egg itself. It is actually found that the egg of P. novaezeoUandtae 
is very rich in yolk, as are those of most Arthropods. The general 
course of its cleavage also agrees with what is found, for instance, in 
the Insecta. Considering the close relationship of Peripatus to the 
Arthropoda, which can hardly be disputed, it seems likely that the 
condition of the egg of P, novae-zealandiae is the primitive condition. 

It is probable that PeripatuSf like the terrestrial Arthropoda generally, origin- 
ally produced eggs rich in yolk which it laid. This state of things is recalled by 
the presence of a firmer egg-envelope in F, novae-zcalandicte, already pointed out 
by Sedgwick (No. 11) ; the laying of eggs not fully developed also in this same 
species points in this same direction, oven though we find that eggs laid thus 
€ar]y do not attain full development (Hutton, No. 8). The capacity for 
developing the eggs within the body must have been secondarily acquired. The 
€gg of the New Zealand species, which is rich in yolk and develops within 
the uterus, represents the first step in this newly-acquired course of development. 
An accumulation of nutritive material in an egg which develops within the 
iiteAs is unnecessary, and this is opposed to the assumption that in P, novae- 
2ealandiae we have a specialised form in which the egg has been secondarily 
supplied with yolk. A further step in adaptation would be represented by 
P. eapensis. The eggs here show a spongy structure as if penetrated by fluid 
yolk, and this, as well as the method of their development, seems to indicate 
that they to a certain extent represent a degenerate condition of eggs originally 
rich in yolk. Isolated granules of yolk also appear in these eggs, and in P, 
Bdl/ouri the egg is still somewhat rich in definite yolk-masses. In the species 
found in the West Indies, the nourishment of the embryo by the mother has 
become so complete that no trace of the former rich supply of yolk I'emains in 
the eggs which have become exti'aordinarily small. These biological conditions 
naturally find expression also in the method of development of the different 
species.* 

1. Cleayage and Formation of the Germ-Layers. 

Although the early development, the cleavage and the formation of the germ- 
layers, has repeatedly been investigated in different species, our knowledge of 
these processes still remains very incomplete. This fact is accounted for by the 

• [WiLLEY (App. to Lit. on Onychophora, Xo. II. )» from the study of the 
egg of P. novae-hritanniae^ has come to conclusions which arc exactly the reverse 
or those given above; and here he is in agreement with v. Kennel, who 
believes that the ancestral Peripatxia discharged a small yolkless egg into the 
water, and that the intra-uterine development was concomitant with the 
adaptation of the parent to a terrestrial existence. These authors then conclude 
that the development of yolk in the eggs of P. novde-zealandiae is quite a 
secondary condition, which, Willey believes, culminates in the return to the 
oviparous condition observed by Dendy (App. to Lit. on Onychojihora, No. I.) 
in P, oviparuSy which Willey regards as a secondarily acquired habit. — Ed.] 
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diflficulty of obtaining material, for the eggs, taken from living animals brought 
to Europe, were sometimes in such a bad condition (Sedgwick, No. 10, Pt. I.» 
Figs. 7-13), that the researclies made on them could not bo of any great value. 
Some of the observations also are incomplete, or, as in the case of the South 
American species examined by v. Keknsl, important differences of opinion 
arise between observers (v. Kennel and Sclater) which can only be finally 
settled by further research. A connected description of the first ontogenetic 
processes and their inter-relationships in the various species is as yet impossible. 
We shall first consider the development of P. novae-zealandiae which, for 
the reasons given above, we regard as showing the most primitive condition, 
and then deal with the African species. The South American species, from 
what we as yet know of them, seem to claim a position distinct from the 
others. 

Peripatns novae-zealandiae. 

Cleavage is here superficial. The eggs are rich in yolk, and the 
cleavage-nucleus appears to have a peripheral position. Its division 
gives rise to nuclei surrounded by islands of protoplasm; these for 
the most part also lie peripherally, but single nuclei shift towards 
the centre of the egg, as may be seen in the figures given by Lilian 
Shbldon (Fig. 75, No. 12) 

It is no doubt due to the distribution of the nuclei in the yolk that this latter 
breaks up to some extent into distinct rounded areas (Fig. 76 A), although 

Lilian Sheldon was not always 
able to prove that these were 
regular yolk-pyramids either in 
origin or form. This break- 
ing up of the yolk led former 
observers (Hutton, No. 3, 
V. Kennel, No. 4, Pt. I.), who 
could only make observations 
on insufficient material, to the 
conclusion that the egg of 
F. novac-zeaMndioe under>vent 
total cleavage. 

According to the descrip- 
tion given by L. Shbldon, 
the cleavage - nucleus and 
the nuclei which first arise 
seem to lie on the later 
dorsal side and opposite to 

75. -Section through the egg of P. fiovae- the point at which the 
zealandiae (after L. Sheldon). In the yolk are , , . , - ^, 

the nuclei surrounded by areas of protoplasm. blastoderm lorms. lUeSO 

nuclei increase in number 
and form a peripheral accumulation (protoplasmic or polar area, Fig. 
76 -4, a), starting from which, circumcrescence of the yolk takes 
place (formation of the blastoderm). The active increase in number 
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of the cells and their constant shifting towards the periphery, leads 
to the almost complete circumcrescence of the yolk as far as a point 
lying almost opposite the original accumulation of nuclei, where the 
yolk remains uncovered. Here an ingrowth of cells then takes place, 
the appearance of an invagination being thus produced (Fig. 77 A 
and B), The point of invagination is the blastopore (bl), and the 
base of the depression is formed of yolk in which nuclei can be 
recognised (Fig. 77 B), The germ-layers do not yet appear to be 
differentiated from the cell-mass surrounding the blastopore, which 
represents the rudiment of the germ-band. Miss Sheldon seems to 
assume that the part of the cell-mass underlying the superficial cell- 
layer (or ectoderm) yields chiefly mesoderm, while the entoderm 
arises from the cells lying in the yolk, and which, according to Miss 



Fio. 76.— Portions of ■eetions through the egg of P. novae-zealandUte, showing the blastoderm- 
formation (after L. Shcldon). A shows the *' polar area " and the cleavage of the yolk. B, 
the commencement of the circumcrescence of the egg. a, " polar area *' ; ds, "yolk segmenta." 

Sheldon, arise and multiply by a process of free nuclear forma- 
tion (?), as she was unable to observe any karyokinesis.* The 
blastopore lengthens later and then resembles a small groove, the 
base of which is formed by the nucleated yolk. We here have a 
resemblance to the condition in P, capensis illustrated in Fig. 84 A. 

As far as we can gather from the description of L. Sheldon, the process of 
drcomcrescence is regarded by her as an epibolic gastnilation. The yolk-mass, 
with the nuclei contained in it, would correspond to the entoderm. A study of 
the figures, however, has compelled us to form another conclusion, which gains in 
probability from the fact that we are here dealing, as in the case of many 

* [It is extremely doubtful if there is such a process as free nuclear formation. 
All recent research on nuclei tends to prove that every nucleus originates from a 
pre-existing nucleus either by mitotic or amitotic division.— Ed.] 
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Arthropods, with an egg very rich in yolk. Whether the blastoderm is really 
formed by circumcrescence of the egg starting from one pole, or whether the 
nuclei contained in the yolk, by shifting to the surface, help to form it, the 
peripheral accumulation of cells which recurs in the same way in various stages 
claims identification with the cell-accumulation in the neighbourhood of the 
blastopore (ef. Figs. 76 and 77). We should then not be obliged to assume 
gastrulation through epibole, which is unusual in eggs so rich in yolk, but 
should rather assume that at the point where this cell -accumulation is found 
a depression (invagination) occurs (Fig. 77 B), Whether the base of this 
depression is formed of yolk (containing nuclei), or whether a closed archentoron 
is present, would in this case still have to be decided. If the blastopore 

A lengthened later (cf, also P. 

capensis) there would be a 
resemblance to the gastru- 
lation of the Insects. 
In these latter, as in Peri- 
patusj the mouth and anus 
show a connection with the 
two terminal points of the 
long blastopore. 

In this conception of the 
cleavage and formation of 
the germ-layers, it may be 
noticed th^t the invagina- 
tion apparently takes place 
at the animal pole of the 
egg. But if it is remem- 
bered that in P, capensis 
the brain arises in the im- 
mediate neighbourhood of 
the blastopore, it will be 
seen that we must rather 
regard this as a shifting of 
the vegetative pole, or the 
region of entoderm-forma- 
tion, towards the animal 
pole, than as a gastrulation 
at the animal pole. The 
same is the case in the 
Insecta and in many Cms* 
tacea (Vol. ii., pp. 141 and 
142). The view here adopted 
receives a general support 
from the conditions in the 
Crustacea, in which the cir- 
cumcrescence of the yolk (or 
the formation of the blasto- 
derm) takes place from one 
point, gastrulation after- 
wards occurring in that 
region (Vol. il, p. 115). We are unable in the present state of knowledge to 
obtain any light upon these processes from the ontogeny of P. capensis. 



1! 



Fio. 77.— Sections through the egg of P. novae-ztalandiae, 
showing the formation of the blastodenn and invagina- 
tion (after L. Shkldok). U, blastopore. 
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Peripatus capensis. 

In consequence of the eggs of Peripatus capensia being poor in 
yolk, their cleavage is apparently total. According to Sedgwick, 
an animal pole (corresponding to the later dorsal side) can be dis- 
tinguislied from a vegetative pole. Two meridional furrows divide 
the egg into four blastomeres of equal size, each of which contains a 
portion of the animal and a portion of the vegetative protoplasm. 
These cleavage-planes are said not to cut through the whole egg, 
the blastomeres being united centrally. At a later stage, an equatorial 
furrow separates the smaller ectoderm-cells (animal pole) from the 
larger entodermal blastomeres. At the close of segmentation, the 
cells are very loosely connected, the smaller ectoderm-cells are closely 
applied together, while the larger entoderm-cells are amoeboid and 
scattered irregularly within the egg-membrane. The stage which 
follows may roughly be compared with the bias tula. The entoderm- 
cells draw together and lie directly beneath the smaller ectodermal 
cells, which then grow 
round the entodermal 
elements, a solid (and 
therefore epibolic)gastrula 
being thus formed in the 
course of further develop- 
ment. The archenteric 
cavity is said to arise in ^ 
the entoderm through the ^ 
formation of "vacuoles"! 
It opens externally at the 
point which has remained 
unaffected by the cir- 
cumcrescence, and thus ...*^ ^ — 

corresponds to the blastO- Fio. 78.— Section throagh a 16-celled embryo of P. 
*.^«<^ ■Do.V.;^^ 4-l,;« «« Ed^mrdsix lying in the utemt (after J. v. Kenmel). 

pore. Behind this, an ^ „„bryo; (i;»,. in..er ,v.ll of the uterus; Ue. 

increase in number of uterine epithelium. 
the cells of the superficial 

layer takes place, which leads to a thickening of this layer and 
then to a separation of the lower layers, that have thus arisen, as 
the mesoderm. During the lengthening of the blastopore, which 
soon occurs, and the simultaneous increase in length of the whole 
embryo (Fig. 84 A\ the mesoderm grows forward on both sides of 
the blastopore and thus yields the mesoderm-bands. The rudiment 
of the germ-band is thus produced (Sedgwick). 
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In the better preserved eggs figured by Sedgwick, large cavities can be seen 
in the protoplasm, and this leads us to conjecture that, in the normal condition, 
the eggs might be filled with a more or less fluid mass of yolk. These spaces in 
the body of the egg are very large, occupying a large part of its interior, so that, 
when the very unsatisfactory condition of the material investigated is taken into 
account, we are led to the conclusion that the cleavage may in this case also be 
superficial. The cavities in the blastula-stage just described would then be 
filled with yolk, and the gastrula would perhaps be formed by invagination, 
as was conjectured in the case of P, novae-zealandiae. As we have not personally 
examined these eggs, wc do not feel justified in giving definite expression to this 
view, but we cannot refrain from making a conjecture which appears to us so 
probable. There would in this case be a certain similarity between the African 
and the New Zealand species, especially as it may with probability be assumed 
that eggs poor in yolk are to be derived from eggs rich in yolk. This last view 
is held by Sedgwick himself, and in a later treatise (No. 10, Pt. iii.) he caUs 
the egg of P, capensis meroblastic, because of the central connection mentioned 
above as existing between the blastomeres. 

The American species. 

On account of the small size of their eggs and the connection 
jP between these and the 

wall of the uterus, the 
American species differ 
entirely in their develop- 
ment from the forms we 
have so far considered. 

The small eggs, poor in 
yolk, undergo a total and 
apparently fairly regular 
(equal) course of cleavage* 
The embryo, even at thia 
early stage, appears to 
obtain nourishment from 
the uterus, for it increases 
in size in a marked manner 
(v. Kennel). When it 
has reached the 32-celL 
stage, it forms, according 
to v. Kennel, a solid cell- 
mass, completely filling 
the narrow lumen of the 
uterus, and thus in close 
contact with the inner 
surface of the uterine 
epithelium (Fig. 78). This 
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Fig. 70.— Sections through erabrj'os of r. FAhnardni 
together with the uterine wall (after J. v. Kekxel). 
E, embryo; am, amnion; a.Uto, outer wall of the 
uterufl ; i.Uw, inner wall of the uterus ; tie, uterine 
epithelium [embrjonic derivative, Sclater and 

WlLLEY]. 
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latter at first consists of very deep cells which, however, under the 
influence of the gro%ving emhryo, seem to flatten. The embryo then, 
according to v. Kennel, enters into direct connection with this 
epithelium, this change being accompanied by a peculiar alteration 
in the shape of the former. The embryo, which is said to give oflf 
fluid and to decrease in size, becomes applied to the epithelium as 
a lenticular cell-mass (Fig. 79 A). The figures show the close nature 
of the connection between the embiyo and the epithelium, the latter 
may, indeed, occasionally become detached from the wall of the 
uterus, and may surround the embryo as a special layer (Fig. 79 
Bj Ue), The central part of the embryo now rises from the surface 
of the uterus, while the edges, which still remain in contact with the 
latter, become somewhat approximated through these changes; the em- 
bryo thus assumes 

the form of a cap — 

open towards the 
surface of the 
uterus (Fig. 79 B), 
From the surface 
of the embryo a 
few amoeboid cells 
become detached ; 
some of these be- 
come applied to the 
uterine epithelium 
and, finally, these 0* 
amoeboid cells unite 4 
and give rise to an 
envelope which sur- 
rounds the whole 
embryo, and which 
has been termed the 
amnion or serosa 
(v. Kennel, Fig. 

80, am). The margins of the cap-shaped embryo now become 
approximated and fuse together, so that the embryo becomes a 
closed vesicle. The embryo then grows out from the wall into 
the cavity of the uterus; its point of attachment narrows and 
thus forms a stalk (Fig. 80, w). A proliferation of cells then 
takes place at the base of the stalk, this growth being called by 
V. Kennel the "embryonic placenta." Corresponding to this is a 



1 



Fio. 80.— Median section of a pear-shaped embryo of P. Ed- 
wardsii, with amnion and uterine wall (after J. v. KkknblX 
am, amnion ; n, umbilical cord ; p.e, embryonic, p.u, uterine 
placenta ; Ue, uterine epithelium ; Uw, wall of the uterus ; 
vf, point of ingrowth. 
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circular thickening of the uterine epithelium, which, as the " uterine 
placenta," enters into close connection with the former (Fig. 80, p.e 
and p,u). The stalk connecting the embryo with the placenta 
continues to narrow, and is described by v. Kennel as the "umbilical 
cord." According to this account the embryo becomes closely con- 
nected with the wall of the uterus, and a thickening of the connective 
tissue layer of the latter takes place, causing a constriction of the 
uterine lumen in front of and behind the region which contains 
the embryo, thus forming a closed brood-cavity (Fig. 88, p. 179). 
The amnion and the uterine epithelium are now separated from 
the embryo by a considerable cavity (Fig. 80). 

The germ-layers begin to form by an active increase and a con- 
sequent ingrowth of the cells which commences opposite the point 
of attachment of the embryo (Fig. 80, w). In comparing the 
development of P. Edwardsii with that of other species of Peripatus^ 
the point at which this ingrowth takes place will recall the accumula- 
tion of cells in the blastoderm in P. novae-zealandiae^ in which 
invagination eventually occurs, and which at the same time represents 
the first indications of the germ-band. In the South American 
species this point of ingrowth, which in position corresponds to the 
ventral side of the embryo (the latter is attached by its dorsal 
surface), must be regarded as the blastopore. From this point the 
ingrowth proceeds continuously, and fills the whole inner space of 
the embryo down to the "umbilical cord" (Fig. 80). The cells 
of the latter have shifted apart, leaving a central lumen, and have 
become arranged into an epithelium such as is also found all round 
the embryo, except at the point of ingrowth (Fig. 81). This outer 
epithelium coiTesponds to the ectoderm. The further differentiation 
of the germ-layers is said by v. Kennel to take place through the 
appearance of a cavity in the more dorsal part of the central cell- 
mass and the regular arrangement of the cells in its neighbourhood 
(Fig. 81, erU). The cell-layer thus diflferentiated, the entoderm, is 
in this way distinguished from the ventral cell-mass lying at the 
blastopore, which represents the mesoderm. This latter remains 
connected with the ectoderm for a long time, even during the later 
changes of shape of the embryo, and at this point (w) new cell- 
material is continually produced (v. Kennel, Sclater). 

In the above description of the first ontogenetic processes in P. Edtcanlsiif we 
have followed the account given hy v. Kennel 1>ecau8c the material at bis 
disposal, with regard to quantity and state of preservation, seems to guarantee 
the reliability of his statements, but it should be mentioned that these procesaes 
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have received another interpretation. Although this latter has been opposed 
by V. Kennel for very important reasons (No. 5), it has been adopted by 
ScLATER, and seems to have a certain value in so far as it affords some 
explanation of the peculiar early developmental stages. 

According to Sclater (No. 9), cleavage gives rise to a bkstnla formed of 
large cells, and containing a small cavity (Fig. 82 A). An invagination then 
takes place in this (pseudogastrula, Fig. 82 B), The invaginated part alone 
yields the embryo (Sclater), while the outer layer, by the peculiar growth 
of its cells, separates from the embryo and becomes very thin, thus forming a 
membrane which envelops the embryo (Fig. 82 (7, a). From the embryo itself 
another envelope arises, by the splitting 
off of single cells, this latter corresponding 
to the amnion described by v. Kennel. 

The figures given by Sclater agree on 
the whole with those of v. Kennel, but 
they are interpreted by the two authors 
in an entirely different way. What v. 
Kennel regards as uterine epithelium is 
considered by Sclater as an embryonic 
envelope, for this no doubt is the meaning 
of his pseudogastrula. Fig. 79 B (v. 
Kennel) must therefore be regarded as 
the stage of invagination corresponding 
to Fig. 82 B (Sclater's pseudogastnila), 
and Fig. 80 must be interpreted in a 
similar way. Fig. 79 A, according to this 
\iew, should be regarded as an older stage, 
similar to that represented in Fig. 82 C, 
Further, the two stages in which the 
conjectural vesicle has cither thin or 
thicker walls ought not to be unhesita- 
tingly derived one from the other, as is 
done by Sclater. Indeed, far stronger 
proofs must be brought forward for the 
view adopted by Sclater before it can be 
finally accepted ; it nevertheless appears 
to us worth mentioning because it seems 
best to account for the origin of the 
embryonic envelopes which are attributed 
to Feripatus.* In any case, the two en- 
velopes which are said to surround the 
embryo suggest the double embryonic envelopes (amnion and serosa) of the 
Insecta, all the more that this double embryonic integument may have arisen 
here as there by the formation of folds in the blastoderm. The position of the 
embryo in relation to the folds might even correspond to that of the Insectan 
germ in relation to the embryonic integuments, but we know too little of the 

* [Willey's observations on the development of P. novae-britanniae (App. 
to Lit. on Onychophora, No. II. ), in which he finds that the egg gives rise to a 
large, thin-walled vesicle (trophoblast) with a thickened inva^nated embryonic 
area, tend to support Sclater's views regarding the relations of embryonic 
envelopes in P. Edicardsii, and are opposed to those of v. Kennel. _^ To us 
they appear conclusive on this point.— Ed.] 



Fio. 81.— Median section through a pear- 
shaped embryo of P. Edwardsii (after 
V. Kbnnel). ent, entoderm; n, um- 
bilical cord ; w, point of growth. 
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ontogeny of Peripatus to be able to make further comparisons. We must, 
however, add the description given by L. Sheldon (No. 12) of the earlier stages 
of P. novae-zealandiue, according to which the embryo proper still within the 
egg-shell is surrounded by a layer of yolk (the ectodermal yolk of Miss 
Sheldon). Unfortunately no details as to the significance and origin of this 
''external yolk" are known, but we might in this also see an embryonic 
envelope, especially as structures resembling nuclei are found in this outer layer. 
We are led to adopt this assumption all the more on account of the condition 
of those Insecta (or Myriopoda) in which the germ-band sinks into the yolk, 
a condition which finally leads to formation of the embryonic envelopes. In 
consequence of the Insectan embryonic envelopes arising in this way the 
embryo here also may be apparently siuTounded by an outer layer of yolk, 
which in reality lies between the embryonic envelopes. 

The presence of such envelopes derived from folds is not confirmed by what is 
found in P. eapensis. In this form nothing of the kind has been observed, nor 
can we assume that such a feature has been overlooked. The ectoderm of P, 
eapensis is only so far peculiar in that it is in the younger stage extraordinarily 

rich in vacuoles and of a spongy 
texture, and, in consequence of 
its structure, is able to take 
in nourishment endosmotically 
(Sedgwick, No. 10). L. Sheldon 
connects this structure with the 
so-called ectodermal yolk of the 
New Zealand species, but we can- 
not consider this a happy com- 
parison. On the other hand, this 
condition of the ectoderm helps 
to explain the formation of the 
external organs of nutrition in the 
embryos of the American species, 
whether these are formed direct 
from the ectoderm of the embryo 
itself or represent a specially diifer- 
entiated portion of the embryonic 
envelopes. 

If, in dealing with the early 
ontogeny of the different species 
of PeripcUuSj we have appeared to 
dwell almost entirely on the rela- 
tive probabilities of the processes 
described, we can only again point 
out how very little is known with 
certainty of the earliest develop- 
ment of this animal. The great 
importance of this form forces us 
to take into account statements that are not sufliciently confirmed. We have 
therefore tried to gather together the facts as yet known into a connected 
whole, but do not for one moment assume that the conclusions arrived at 
are final. 




Fia. 82.— Sections through embr}'os of P. Im- 
(hurni at Mirious stages (after SclaterX £. 
embryo; a, outer, i, iuner cell-layer of tlie 
embryo; m, (cuticular) membrane bounding 
the uterus internally ; p, placenta-like growth 
of cells. 
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2. The Deyelopment of the External Form of the Body. 

In spite of the variations found in the first ontogenetic stages of 
the several species of Peripatua, the latter differ very little from one 
another in the development of the external fonn of the body. In 
the following descriptions we shall first deal chiefly with P. capensis, 
which was very carefully examined first by Moseley (No. 6), then by 
Balfour (No. 1), and later by Sedgwick (No. 10, Pt. i.). 

P. capensis. It has already been shown, in describing the forma- 
tion of the germ-b^ds, that a thickening of the blastoderm arises 
behind the lengthening blastopore by the proliferation of cells, this 
spot being recognisable externally as an oval area (Fig. 83). We 
saw that at this point the mesoderm originates, and extends forwards 
in the form of two bands, to the right and left of the blastopore. 
In each mesoderm-band segmentation takes place, a segmentation 
which may in all respects be compared to that of the Annelida. 
For instance, at the anterior ends of the two bands, cell-complexes 
are cut off and commence, by the formation of cavities, to form the 
primitive segments (Fig. 84 A and B), fresh rudiments being 
continually added posteriorly. At the posterior end of the blasto- 
pore the mesoderm-bands pass over into an undifferentiated cell-mass. 

During the differentiation of the mesoderm-bands another im- 
portant change takes place in the embryo. The lips in the middle 
region of the elongated blastopore approach one another and fuse, 
so that the only remains of the blasto- 
pore are an anterior and a posterior 
aperture (Fig. 84 A and B), These 
two apertures are henceforward retained 
{C and Z>), giving origin (in connection 
with ectodermal invaginations) to the 
mouth and the anus. 

The next changes in the embryo 
take place as follows : as the differ- 
entiation of the primitive segments 

continues, the first of these shift Fio.SS.— Embryo of p. cai)ena{» (after 

further forward, and, in addition to l^^lZ ^^' ^^^^^^^ ' ^' '^"^ 
this internal segmentation of the em- 
bryo, an outer segmentation now appears (Fig. 84). At the anterior 
end the cephalic lobes begin to appear, and it is to be specially noted 
that, as rudiments, they show great resemblance to the body-segments. 
The posterior end of the hitherto straight embryo curves round 
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ventrally, thus covering the posterior aperture derived from the 
constriction of the blastopore (Figs. 84 and 85). 

Before describing the further development of the embryo, we 
must glance at the corresponding processes in other species of 
Peripatua, The observations recorded above on the development 
of the external form have dealt chiefly with the shaping of the 
ventral surface, this being first developed as two symmetrical halves. 
We are here reminded of the development of the eggs of the 

g Oligochaeta and Hiru- 

dinea that are rich in 
yolk, and still more of 
that of the eggs of the 
Myriopoda, Insecta, and 
Arachnida. In PeripatuSy 
as in these, a germ-band 
forms. Its composition out 
of two halves is still more 
distinct in P. novae-zea- 
^"**' landiae. In this form, in 

consequence of the large 
^'' size of the egg, caused by 

C J). the abundance of its yolk, 

the two halves of the 
germ-band lie somewhat 
far apart, separated by a 
"»•- ventral protrusion of the 

yolk-mass covered with 
ectoderm and entoderm 
^' (Fig. 86 A and B)^ so that 

a kind of ventral yolk-sac 
arises resembling the one 
met with in the Araneae 
(p. 54). While already 
well developed at the 
anterior end, the two 
halves of the germ-band 
become less and less 
differentiated posteriorly, and end near the blastopore in the as 
yet undifferentiated cell-mass (primitive streak of English authors). 

At first sight there appears to be a fundamental difference bet^veen P. capensis 
with P. Edxoardsii and P. novae -zealandiae regarding the position, relative to 



Flo. 8i.— Embo'os of P. capentis to iUoBtrate the 
^ closing of the blastopore, the segmentation of the 
mesoderm, and the flexure of the embryo (after 
Balfour and Schimkewitsch). a, anus ; U, blasto- 
pore ; m, mouth ; k«, primitive segments ; to, zone of 
growth. 
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the aous (?= blastopore), of this undifferentiated cell-mass (primitive streak). 
In the two first species this zone of growth is undoubtedly situated behind the 
anus (i.e., behind the blastopore = anus in P. capensis, Fig. 84 A, w, and in 
the region of the blastopore and behind the anus in P, Edwardsii, Fig. 89 A), 
whereas in P, novae-zealandiae this zone of growth appears, from a superficial 
examination, to be situated in front of the anus (Fig. 86 A), at least the two 
halves of the germ-band bend forward and unite in front of that aperture. 
According to L. Sheldon this is only an apparent difference, for in sections of 
P. novae-zealandiae through this region the zone of growth of the mesoderm 
(primitive streak) is found to be situated, as in P. eapensis and P. Edvfardsiit 
behind, not in front of, the anus. The possibility of the zone of growth being 
situated in front of the anus is of interest when we make a comparison between 
the embryos of Peripatus at this stage and those of the Annelida. Such a 
comparison made between the embryo of P. novas-zecUandiae (Fig. 86 A) and 
that of Clepmie among the Hirudinea (Vol. i., Fig. 152, p. 322) reveals a 
striking similarity between the two, especially in the configuration of the 
mesoderm-bands which, in the Hirudinea, however, unite in front of the anus, 
a condition which, it is tnie, is suggested from a superficial examination of the 
embryo of P. iiovcte^zealandiae, but which is not substantiated by the investiga- 
tion of sections, and one which would, moreover, seem improbable from a 
comparison with the two other species of Peripatus mentioned above. Further, 
in the Hirudinea, there appears to be no connection between the blastopore and 
the anus, which makes a comparison with Peripatus more difficult than would 
otherwise be the case. In other Annelida, however, the primitive mesoderm- 
ceUs are met with at the posterior edge of the blastopore (Vol. i., pp. 264 and 
283), but the condition is different from that in Peripatus in so far as the 
blastopore does not pass direct into the anus. In view of these possible differ- 
ences between the species of Peripatus inter se and of the possible resemblances 
to some Hirudinea, a renewed investigation of the relations of the growing zone 
in P. novae-zealandictej whicli must be regarded as the most primitive form [one 
of the most specialised according to Willey and v. Kennel], Lb much to be 
desired. 

The South American species, in conse- 
quence of the small size of their eggs 
and of the connection of the latter with 
the wall of the uterus, have a different 
form in the early stages. Our description 
of the emhryo ceased at a stage in which it 
was somewhat pear-shaped (Figs. 80 and 81). 
From this stage it passes into the mushroom 
stage (Fig. 87), the embryo proper gaining 
in size as compared with the umbilical cord, 
through extending in both directions at right 
angles to the axis of the cord (Fig. 87). 
These two directions correspond to the length 
and the breadth of the embryo. Growth 
takes place at first chiefly in the first of these two directions, 




Fio. 85. ~ Embryo of P. 
eapensis (after Balfour 
and Sedowigk). o, anus; 
m, moQth. 
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with the result that the embryo becomes elongate (Fig. 88). 
Dorsally, it is attached by the umbilical cord, while the ventral 
surface is free. The blunt end becomes the head, and the pointed 
end the posterior extremity. The blastopore, which is probably 
secondarily displaced, lies quite near the latter (Fig. 89 A^ bl). 
The space between the blastopore and the umbilical cord is much 
longer than that between the latter and the anterior end, since, 
starting from the blastopore, new cell-material is continually being 
produced posteriorly. Two mesoderm -bands, divided up into the 
primitive segments, are present as in P. capensts, but, in conse- 
quence of the smaller size of the egg, the paired nature of the 
germ-band is not so distinct, although it can be recognised here 
also (Fig. 89). 

The mouth arises in a position corresponding to that in P. caperms^ 
but quite independent of the blastopore, the latter, as a small and 

shallow depression, 
Jl^ JB, having come to lie 

^crf. at an early stage at 

the posterior end 
(Fig. 89 A, bl). The 
anus also is said by 
V. Kennel to arise 
independently of the 
blastopore. It arises 
in front of the latter 
as a slit-like depres- 
sion (Fig. 89 A, a). 



ex.. 




Fig. 86.— Embryos of P. novae-zealandiae. A, ventral, and JB, 
lateral aspect (after L. Sheldon), a, anas ; at, antennae ; 
ex, limbs ; m, mouth. 



If the accounts given 
of P, eapensis by Sedg- 
wick prove correct, we 
shall have to conclude 
that, in P. Edwardsii 
also, the oral and anal 
apertures were originally connected with the blastopore, since the position of 
the two apertures is similar to that in P, capensis. 

With regard to the position of the growing zone, P, Edwardsii, according to 
V. Kennel, agrees entirely with P. capensis and P. novae-zealandiae ; for since 
this zone proceeds from the blastopore, and the latter lies behind tlie anus 
(Fig. 89 A), the undifferentiated cell-mass is also found behind it 

The connection of the embryo with the mother must here again 
be referred to. According to v. Kennel, the embryo is connected 
with the mother by means of the umbilical cord, as well as by the 
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Fio. 87.— Mnshroom-shaped embryo 
of P. Edtvardtii in the brood-cavity 
(after v. Keknel). b, brood-cavity ; 
e, embryo; n, umbilical cord; jj, 
placenta ; u, lumen of the uterus. 



embryonic and uterine placenta (Fig. 80, p. 171, and Figs. 87-89). 
The great development of these organs 
shows that, in the younger stages, they 
contribute to its nourishment They 
■degenerate later, and the embryo is 
then, like that of P. capensisy nourished 
by the uterine secretion. In conse- 
quence of the close organic connection 
of the embryo with the uterus, the 
former is unable to shift from its 
position. The embryo, firmly enclosed 
in its brood-sac (Fig. 88), can only 
move on into the vagina by the growth 
of the parts lying between the ovary 
and the brood-cavity itself, and by the 
gradual absorption of the posterior 
parts. When the embryo which lies 
■nearest the vagina passes over into the 
latter, its brood-cavity must be com- 
pletely absorbed before the next embryo 
-can reach the vagina. 

The extrusion of the embryos in the South 
American species of Peripatiis closely resembles 
the passage of Insectan eggs from the oviduct 
into the efferent apparatus. There also the 
-empty follicle left after the expulsion of the 
-egg is completely absorbed before the next 
«gg is able to pass out 

The ftirther deyelopment of the . 

external form of the body consists | 

essentially in the lengthening of the 
body, the marking off of the head and 
trunk, and the appearance of the limbs 
and sensory organs. It agrees on the 
whole in the different species, so that 
separate accounts are here unnecessary. 

An important change in the form of 
the young embryo is brought about by 

the great development and marking off pio. 88.— Embryo of p. Edtoardsn in 
of the cephalic segment from the trunk the brood-cavity (after j. v. kenwel, 

"^ ^ , from Lano'8 Ttxt-book of Comp. 

^FigS. 86 and 89). This change, which Anat.). <•, embryo; ep, placenU. 
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occurs early, is introduced by the shifting forward of the first pair 
of primitive segments to the extreme anterior end of the body, 
where they become considerably enlarged. A pair of large swellings 
(cephalic lobes) thus arise at the anterior end; these soon become 
marked off from the body by a transverse furrow, and thus constitute 
the cephalic segment. On the ventral side of these lobes is the oral 
aperture ; on the dorsal side a pair of prominences appear (Fig. 86 
A and B) which soon increase in size and become recognisable as the 
rudiments of the antennae. In P. capensis these are said to appear 
before the limbs (Sedgwick), but this distinction seems to be of no 
great significance ; in P. Edwardsii the antennae are said to appear 
simultaneously with the rudiments of the truncated legs, which they 
closely resemble. They are, however, distinguished from the latter 
by their more dorsal and pre-oral position (Figs. 86, 90, and 91). 

In front of the rudiments of the antennae, and lying more 
medianly, there are, at an earlier stage, two small prominencea 
(Fig. 90, x\ which shift later towards the anterior margin of the 
head (Fig. 94 ^ and B), These prominences, which were observed 
by V. Kennel in P. Edwardsii^ and the nature of which is as yet 
unknown, can still be recognised at a later stage than that depicted 

in Fig. 94 -B, and disappear 
ff « from view only when folds 

begin to form in the cephalic 
integument. We shall refer 
to them again at the end of 
this section (p. 187). 

The limbs arise as latero- 
ventral outgrowths of the 
segments consecutively from 
before backward (Figs. 86, 90, 
and 91). The segmentation 
of the body is brought about 
chiefly by the outgrowth later- 

FiG. 89.-Embryo of P. Edvyirdsii. A, ventral, jjly of ^he primitive Segments, 
and Bf lateral aspect (after v. Kennel), a, "^ *^ • n • -j. 

anus ; bl, blastopore ; m, mouth ; n, umbilical The embryo, especially m its 

^^^' lateral parts, thus appears 

notched (Figs. 86 and 90). 
The paired nature of the germ-band is still indicated by the presence 
of a median ventral furrow (Fig. 89). This especially applies to 
P. Edwardsit, in which also the limbs appear later than in the 
African and Australian species. This retardation is no doubt due 
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to the modified method of development within the uterus, the close 
connection of the embryo with the wall of the uterus leading to the 
later development of its external form. In P. novae-zealandiae the 
limbs are to be found while the two halves of the germ-band are still 
far apart (Fig. 86), and in P. capensis also they appear early. 

The embryo, at an early stage, becomes curved, and, as the body 
elongates, its posterior end becomes rolled up ventrally (Fig. 85, 
p. 177), this being determined either by its position within the egg- 
shell or (secondarily as in P. Edwarddi) within the brood-cavity. 
In P. Edwardsii the posterior end forms several coils. The posterior 
extremity of the embryo of P. capensia is also at first bent in towards 
the ventral surface of the body (Fig. 85), but subsequently this pos- 
terior region grows parallel with that surface, the bend being retained 
at the middle of the body, and the embryo lies in the egg-envelope 
in such a way that the anterior and posterior halves of the body are 
almost parallel to one another, the head touching the posterior end. 

In P. novae-zecUandiae, in a stage earlier than that illustrated in Fig. 86 A 
and Bf a ventral flexion apparently occurs in the embryo, the latter consequently 
assuming a curved form, but it soon straightens again to some extent, and 
retains the form shown in Fig. 86 A and B (L. Sheldon, No. 12, Ft. i.)- 
Here also the two halves of the germ-band are at first very far apart, as may 
be seen from Fig. 86 A and B, 

In keeping with the unspecialised *' 

external form of the adult Peripatud, 
the further development of the embryo 

is very simple, and, apart from the i 

anterior region of the body, presents 
no specially noteworthy features. The 
formation of the limbs continues in the 
manner above described (Fig. 91), until 
the final number is reached. Where 
the two halves of the germ-band lie far 
apart, as in P. novae-zealandiae, they Fio9o.-Anterior part of an embryo 

'^ ^ J J of p. Ef/ttord«ft, dorsal aspect (after 

eventually shift together to form the t. Krknel). at, antenna ; k, max- 

ventral surface, a process ^vhich is l^^V1.mr * k^rXu C.' 

assisted by the gradual absorption of sepnent ; x, prominence in front of 

.1 II rrri 1 1 _x A j.1. the antennal rudiment (c/. pp. 180 

the yolk. The dorsal surface at the and is?). 

same time assumes its final shape. 

The annulations of the body, and the papillae which are seen on its 

surface in the adult condition, appear in the form of folds and slight 

elevations of the epidermis. 
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The terminal region of the body, up to the time when the adult 
form is assumed, is almost button-shaped. At its lower side, either 
in a depression (as in P. Edwardsii) or on a papilla, as in P. capensis, 
lies the anus. Two slight outgrowths, the anal papillae, which 
apparently belong to the terminal section, must be regarded as rudi- 
ments of limbs, and thus indicate a true segment. The limbs 
themselves have assumed their adult form, being better marked 
oflf from the body, and exhibiting a ringed appearance not unlike 
segmentation At their free ends the two cuticular chitinous claws- 
arise. The limbs have shifted from their former more ventral 
position to their final position between the dorsal and the ventral 
surface. 

With regard to the position of the anus it must be mentioned further that, iik 
consequence of its being found in front of the growing zone, it must be related 
to a time segment. In various drawings made by v. Kennel and Sedgwick of 
sections ciit through the anal aperture, well developed primitive segments are- 
seen round the terminal region of the intestine. We must then in any case 
assume a shifting forward of the anus which originally belonged to the terminal 
region of the body. The relation of the anus to the segmentation of the body 
in the adult does not seem satisfactorily settled, nor is it clear whether it 
subsequently shifts out of the segmented region to the extreme end. 

The development of the anterior region of the body is less simple 
P than that of the trunk. 

Jl^ ' Complications arise in the 

former through two oth^r 
segments besides the actual 
cephalic segment being 
drawn into the formation 
of the adult head, and 
through the corresponding 
modification of the append- 
ages of these segments. 
We thus find in PeripcUus 
a state of things already 
met with in the Crustacea^ 
and still more closely re- 
sembling conditions found 
in the Arachnida, Myrio- 
poda, and Insecta. 
In the cephalic segment, the nidiments of the antennae have 
undergone alteration ; they have lengthened considerably, and rings 
like those on the limbs have appeared on them (Fig. 91, at). The 




Fio. 91.— Bmbryos of P. capensis of different ages 
(after Sedgwick), af, antenna; au, eye; /, fold, 
contributing to the fonnation of the buccal cavity; 
k, jaw ; opt oral papilla ; p,-pr,, fir^t three pairs of 
limbs. 
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eyes (au), as slight ectodermal depressions, are already present as 
rudiments (P. caperms), situated somewhat ventrally to the antennae. 
In P. Edwardsii they arise immediately behind the bases of the 
antennae. 

The further development of the mouth and of the two pairs of 
limbs connected with it is of special importance. The anterior 
aperture remaining after the partial closing of the blastopore does 
not directly give rise to the mouth, but becomes carried inwards by 
an invagination of the ectoderm, the stomodaeum, and thus forms 
the aperture between the latter and the enteron.* Neither does this 
second aperture represent the mouth of the adult, for it becomes 
covered by various outgrowths of the ectoderm, which form above it 
a secondary buccal cavity. This process 
commences by the appearance of a fold 
on the outer side of the limb next in 
order to the antenna (Figs. 91 and 92, k)] 
this fold is closely applied to the limb, 
and is continued posteriorly along the 
ventral surface of the embryo (Figs. 91 
and 93, /, and Fig. 92, p). It appears 
notched, and, in P. Edwardsii, is repre- 
sented by a series of papillae lying one close 

* *U ^u /-c- oo 1 Q^\ T 1* Fio. 92.- Anterior portion of an 

to the other (Figs. 92 and 94). In later embryo of p. Edvxirdni, seen 

stages these two folds shift closer towards ^^^ *^« ventral side (after 

° V. Kbnkkl, trom Lano s Text- 

the oral aperture, and thus press the hook of comp. Anat.). Jt, jaw ; 
Umb-rudiments that lie on the inner side no tifertnre of toe nephridium 

belonging to the segment of 
of them towards the mouth. As the the oral papillae (op); p, pa 

folds grow atill higher, these limbs, to- ^VSJ^'^TZ '^- 
gether with the stomodaeal aperture, come 

to lie in a cavity, the adult buccal cavity (Fig. 94), the limbs 
themselves becoming the jaws of the adult. The distal part of each 
of the limbs, at the time when the formation of the buccal cavity 
just described begins, appears deeply notched, and the two strong 
chitinous teeth arise at this part (Fig. 94 A and B). These 
terminal teeth, which are to be compared with the double claws 
on each of the legs, prove, even in the adult, that these jaws are 
true limbs. 

Several other structures contribute to the complete development 
of the buccal cavity. Between the cephalic lobes, and ventrally 
to them, a somewhat long prominence arises (Fig. 94, ol), which 

♦ C/, below, p. 196. 
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lies directly in front of the sharp edge of the stomodaeal aperture, 
and thus, when that aperture is walled in by the lateral folds, shifts 
with it into the cavity thus formed (Fig. 94 B). The folds then 
unite in front of this unpaired papilla, the upper lip of v. Kennel 
(Fig. 95). The posterior unnotched continuations of the lateral 
folds form the posterior boundary of the buccal cavity, on the 
floor of which the primitive aperture of the stomodaeum now lies 
surrounded by the jaws and the upper lip. 

From the above it will be seen that, in Peripatus, there are three 

distinct apertures, each of which in 
turn must be regarded as the oral 
aperture : (1) the primitive blastoporic 
mouth (Fig. 84 2>, m), which persists 
in the adult as the opening between 
the oesophagus and the stomach-intes- 
tine; (2) the stomodaeal mouth (Fig. 
93, m), which in the adult puts the 
buccal cavity into communication with 
'V^rZ^TnJ'i^tZl ^^^ PWnx; and (3) the external 

at, antenna ; /. oral fold ; fc, jaw ; opening of the buccal cavity, whicll 
m, stomodaeal aperture; op, oral - .. ., j.i. • ri. j li. 

papillae; jj). apei^re of the saii- functions as the mouth m the adult, 
vary gland; w, aperture of tiie and is formed by the coucresccnce of 

two ectodermal folds. 

The shifting forward of the lateral folds towards the oral aperture has also 
caused the ventral organs of the first two .segments to shift into the buccal 
cavity (Fig. 94 A, voi and VO3), We shall refer to these again later. Another 
pair of folds exactly like those which have walled in the oral aperture are 
sometimes present, according to v. Kennel, on the outer side of the lateral 
folds, but these do not seem to be of constant oocurrence. They, however, 
seem further to support the view, which appears very probable, that the folds 
found near the mouth of Peripatus do not represent limb-nidiments, as has 
been conjectured by Moseley. 

The third pair of limbs are less closely connected with the moulh 
than are the jaws, for while they also shift towards the oral aperture, 
they remain outside the lips of the buccal cavity (Fig. 95, op). Apart 
from the fact that no chitinous hooks develop on them, they retain 
to a greater degree the character of limbs. They are early distin- 
guished from the other limbs by their greater development (Fig. 
91 Bj op). These limbs are known as the oral papillae, at the tips 
of which the slime-glands open. In the adult, these papillae lie 
as far forward as the jaws (Fig. 95), and the segment to which they 
belong must therefore be reckoned as a cephalic segment. Three 
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segments beside the primary cephalic segment, viz., those of the 
antennae, of the jaws, and of the oral papillae thus take part in 
the formation of the head. 

The head of the embryo, in consequence of the great development 
of the cephalic lobes, at first appears very large in proportion to the 
rest of the body (Figs. 86 and 89). In the course of development, 
however, it decreases in size, the mouth shifts more to its anterior 
end, and the form of the adult is thus practically attained. 

ff B. 



g+tj [ 

ol. 

op. op. 

vo, k' 

f^ .DO,. '^ 

.90.. 



Fig. 94.— Anterior parts of embryos of P. Edvxirdsii, ventral aspect (after v. Kknnrl). 
oJ, antenna; /, the folds broken up into papillae, surronnding the mouth; /,, the folds 
lying outside off, ; g+vo, ganglion and ventral organ of the cephalic segment with tlie slit-like 
depression of the ventral organ ; k^ jaws ; o2, upper lip ; op, oral papillae ; p,,p,i, flrst and 
second pairs of legs ; voi-vo^^ ventral organs of the Jaws, oral papillae, and of the first two 
tmnk-segnients ; vo, is divided into an anterior and a posterior part; x, prominences in 
fh>nt of the antennal rudiments (pp. 180 and 187X 

The young are born provided with the complete number of 
limbs. Their development, according to authors, lasts unusually 
long (Sedgwick, No. 11). P. novae-zealandiae is said to require 
eight to nine months for its development, and P. capensis thirteen 
months (?). The umbilical cord, which in the South American 
species connects the embryo with the placenta, at the time when 
the embryo lengthens and coils up its posterior end, changes and 
finally degenerates; its lumen closes first near the embryo. The 
embryo is now nourished by swallowing the surrounding albumen, 



Digitized by 



Google 



186 ONYCHOPHORA. 

a method of feeding which also occurs in the embryos of P. capensis ; 
in addition to this there is a kind of endosmotic inception of 
nutritive fluid. 

Interpretation of the cephalic appendages of Peripatus. The 
nature of the two posterior pairs of cephalic appendages of Pei-ipaius 
cannot be doubted. They correspond to the limbs of the trunk, 
and might without further question be assumed to be limbs which, 
when two (primary) trunk -segments were fused with the head, 
were transformed into jaws and oral papillae. This is not the 
case with the antennae, which are distinguished from the limbs of 
the trunk by their dorsal and pre-oral position. In this respect 
they entirely agree with the antennae of the Myriopoda and the 

Insecta, with which we 
^ consider them homo- 

logous. The antennae 
of Peripatus seem un- 
doubtedly homologous 
Q^ with those of all the 
other Tracheata, but 
not with those of the 
Annelida. The an- 
tennae, not only of 
PeripattiSy but of the 
Myriopoda and In- 
secta, have been com- 
-- — pared with regard to 

Fig. 95.-Hea<l of P. Edu:ardsii, ventral aspect (after ^.j^gij. position to the 
Sedgwick, from Lang's Text-book of Camp. Anat.). o, f 

antenna (the greater part of which is removed) ; op, oral cephalic tentacles of 

papilla. In the buccal cavity are the double jaws. The ^i Annplif^A whiVV 

cavity Itself is surrounded by the folds cut up into ^"® -anneiiaa, wnicu 

papillae. are found (pre-oral ly) 

in the cephalic seg- 
ment, occupying the same position with relation to the neural plate 
as do the antennae of the higher forms with relation to the brain. 
The manner in which the antennae of Peripatus originate, however, 
seems to us to tell against such a comparison. The antennae, both 
as rudiments and "when developing, show great agreement with the 
trunk-limbs (Figs. 91-94), a fact which is strikingly evident in 
the figures given by Sedgwick and v. Kennel. Like the limbs, 
they are externally ringed, and a process of the primitive segment 
runs into each of them, so that they too are hollow cones. Indeed, 
a canal is said to run from the primitive segment of the antenna 
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to the exterior, and this would correspond to the nephridial canal 
of the trunk -segments. In fact, there is such close agreement 
between the antennae and limbs as rudiments, that it is difficult 
to believe that they are essentially different structures. We should 
feel inclined rather to attribute to them the same origin, and to 
assume merely that the antennae had shifted further forward. This 
conjecture is supported by a comparison of the antennae of the 
Insecta with those of Pertpatus, The former also as rudiments 
show not only in form, which would there be less remarkable, but 
also in position the closest agreement with the (primary) trunk- 
appendages, indeed, to begin with they even lie post-orally (Fig. 147). 
We might conclude from this that the antennae of Peripaiue and 
those of the Insecta were homologous structures, but that they could 
not be compared with the cephalic tentacles of the Annelida, in 
other words, that they were originally appendages of the primary 
trunk and not of the primary cephalic region. 

If we accept this view we shall have to assume that the primary cephalic 
region has greatly degenerated, and that a primary trunk-segment (the first) has 
to a certain extent taken its place. An indication as to how and why this 
hapi^ened is to be looked for in the fusion of the other and undoubted trunk- 
segments in the adult head. The utilisation of the anterior limbs as mouth- 
* parts was accompanied by their partial transformation into sensory organs 
(pal})s of the Insecta), and the iiual preponderance of one pair as feelers. 
Again the brain would in this case have to be reckoned a& belonging to the first 
(primary) trunk-segment, and could not be derived from the neural plate alone. 
This view, however, presents no difficulty when we see how, in PeripcUtUt the 
ganglia of the maxillary segment }>asses from a post-oral to a pre-oral position 
and is absorbed into the brain (p. 193). In the Crustacea the ganglia of the 
second antennae undergo corresponding changes. 

The entire filling up of the so-called cephalic segment in Peripaius by a 
regular pair of primitive segments with unbroken epithelial walls agrees with 
what is found in a trunk-segment, but not with the condition of the cephalic 
region in the Annelida. 

If the primary cephalic segment which, in the Annelidan Trochophore^ carries 
the cephalic tentacles, has really undergone degeneration, we might expect to find 
traces of this fact The two small prominences which appear in front of the 
antennal rudiments, the significance of which is still obscure, might be regarded 
as vestiges of this kind (Figs. 90 and 94, a;). We might conjecture that they 
are possibly vestiges of the primary Annelidan tentacles. This interpretation of 
them, which appears to us very plausible, also leads to a striking agreement 
with the Crustacea. In homologising the cephalic appendages of the latter 
(Vol. ii, p. 166), a similar view was adopted, the same significance being ascribed 
to the frontal sensory organs as is now given to the small prominences (x) in 
front of the antennal rudiments in Peripaius. 

It cannot be regarde<l as altogether improbable that the adult Peripattts 
should still retain vestiges of this organ, the agreement of which with the 
frontal sensory organs still functioning in many Crustacean larvae would be stil 
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more striking. The prominences now under consideration are, according to 
y. Kennel, retained for a long time, and have perhaps escaped observation in 
later stages owing to the development of papilla-like prominences of the integu- 
ment, such as occur in great numbers in the adult. St. Remy (No. 8) desciibes 
and illustrates a paired ganglionic swelling on the brain of the adult Periputits 
("fonnatiou de nature inconnue"), which in position corresponds to the two 
prominences on the head of the embryo, and which might well be regarded as 
the lobe of a primary tentacle-nerve. In the posthumous works of Balfour 
also, similar structures are descril)ed as pairs of nerves (running to various points 
of the dorsal surface), and of these one might belong to such a sensory organ. 

We cannot refrain, in this connection, from calling attention to the sensory 
organs found in the cephalic region in many Myriopoda {cg.t Lithobius, 
Polyxeiius, and Olomeris), the innervation of which is said to take place from 
the "optic thalamus" (Tomosvary, No. 22, p. 760). We must however impress 
upon the reader that the actual material required for a successful comparison of 
this i^eculiar sensory organ with the frontal organ of the Crustacea, or with the 
still insufficiently investigated prominences of Peripatua has not yet been 
obtained. 

In the younger embryos of Peripatua (such as that illustrated in Fig. 91 A), 
the change of position of the antennae, if these are considered as ])roceeding 
from limbs, is not very marked, es^iecially as compared with the corresponding 
change that takes place in the Insecta. The 2)osition of the eyes in Peripalua 
is less easily reconciled with this view. The eyes lie further back than the 
antennae, close to that part of the brain which must be derived from the first 
(primary) trunk-segment. The eyes, however, may well be ascribed to the 
primary cephalic segment, especially as, in Peripatua, they agree with the eyes 
of the Annelida rather than with those of tiie Arthropoda. This can only be 
explained as having been brought about by the shifting of the various parts 
which participate in the formation of the head. 

3. The Formation of the Organs. 

The Ectodermal Structures. 

The Integument. 

The ectoderm forms a single layer of cubical cells over the greater 
part of the body of the embryo. In P. capeusis these cells, especially 
on the dorsal surface, are said by Sedgwick not to be sharply 
demarcated externally, and to exhibit a spongy structure. Sbdgwick 
on this account ascribes to them the capacity for absorbing fluid 
nourishment, and believes that the placenta described by v. Kennbl 
might arise as a more specialised ectodermal organ for taking in 
nourishment. The changes undergone by the ectoderm when trans- 
formed into the adult integument are not very important. The 
delicate cuticle which occurs in the adult is secreted externally. 
At some points, e.g.^ on the ventral side of the limbs, the ectoderm 
becomes multilaminar and here secretes a thicker layer of chitin, 
and this is also the case at the distal extremities of the limbs where 
the claws are formed. 
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The Nervous System and the Ventral Organs. 

The nervous system and the ventral organs arise from two massive 
thickenings of the ectoderm formed by the active increase in number 
of the cells on the ventral side of the cephalic and primary trunk- 
segments. The two longitudinal swellings thus produced appear 
at the time when the limbs become sharply marked oif from the 
body, and develop from before backward. 

According to Sedgwick, each of these swellings passes dii-ectly into a corre- 
sponding thickening of the cephalic (anteunal) segment, but this, according to 
V. Kennel, is not the case, the swellings ending bluntly where the cephalic 
section commences (Fig. 92), so that the part of the central nervous system 
pertaining to the cephalic segment arises separately from the rest.* A much 
slighter thickening of the ectoderm does, however, occur, according to 
V. Kennel, between the cephalic and the trunk portions of the longitudinal 
swellings at the time when the latter appear. And this, since it denotes the 
formation of a commissure, might be regarded as indicative of a continuity 
between the cephalic and the trunk portions of the longitudinal swellings. 
This question as to the continuous origin of the cephalic and the trunk portions 
of the central nervous system has already been discussed in connection with the 
Annelida (Vol. i., p. 287). It was not indeed there finally settled, but it is in 
connection with them that a decision of the question can best be expected. 

The paired thickening on the ventral surface just described gives 
origin not only to the nervous system, but also to the ventral organs 
(v. Kennel, No. 4). Transverse sections of the embryo show that 
the thickening projects both externally and internally (Figs. 100, 
p. 200, and 101, p. 202). In the middle of the cell-mass which forms 
it, a horizontal fissure then arises extending from before backwards 
and separating the mass into an outer and an inner portion (Fig. 
100 B). The inner mass of cells represents the rudiment of the 
nervous system (n), the outer, remaining in connection with the 
epidermis, represents that of the so-called ventral organs {vo\ the 
development and significance of which must now be discussed. 

The ventral organs. As the cleft, which in each segment divides 
the rudiment of the nervous system from that of the corresponding 
ventral organ, is interrupted by intersegmental cellular strands con- 
necting its two walls (Fig. 101 B, p. 202), a segmentation of the 
ventral organs takes place which is visible even externally. The 
connecting strands between the ventral organ and the nerve-cord, 
which occur between the consecutive pairs of limbs, are retained 

* An entirely distinct origin for the brain and for the ventral chain of ganglia 
cannot here be asserted, inasmuch as the ganglion of the maxillaiy segment is 
also drawn into the brain, as will be shown presently. On this account and also 
because of the relation above pointed out, of the antennae to the limbs, there is 
room for doubt as to the true cephalic nature of the brain in Perijxiius, 
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until the embryo is mature, and are* even found in the adult 
(v. Kennel). As development proceeds, the ventral organs shift 
together and finally unite in the middle line ; they become flattened 
and a slight depression is seen on their outer surface. Whereas at 
first they were very massive (Figs. 100 and 101 B), they now appear 
much smaller as compared with the size of the embryo (Fig. 102, 
p. 205). As the embryo develops, they become less and less con- 
spicuous, and, in the adult, are represented merely by a small 
unpaired follicular depression of the epidermis situated medianly 
between the bases of the limbs on each segment (v. Kennel), 
and until recently overlooked. 

J3. 



JU.. 



Fio. 96.— Transverse sections through the head of an embryo of P. Eilimrdsii (after ▼. KemvelX 
In Af only half the section is drawn, an^ anteniml nerve ; n, brain (consisting of cell- and 
flbre*sub8tance) ; us, primitive segment of the head ; ro, ventral organ. 

The ventral organs of the anterior segments dififer from the rest. 
Those belonging to the segment of the oral papillae, as well as those 
of the maxillary segment, are drawn into the buccal cavity, and can 
still for a time be recognised on its floor (Fig. 94 A, vo^ and fo.,). 
Of these, the two posterior unite to form the ventral wall of the 
oesophagus, while the anterior organs remain distinct. Consequently 
each of these latter develops further independently, and in both 
the external depressions are more marked than the other trunk 
ventral organs (thus retaining, according to v. Kennel, the more 
primitive character). This is still more the case with those structures 
which must no doubt be regarded as ventral organs of the cephalic 
segment. These are two deep epidermal depressions lying near one 
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another on the ventral side of the cephalic segment (Fig. 96 By vo\ 
T^hich have arisen, like the ventral organs of the trunk, hy the 
«plitting up of the ectodermal layer into an outer and an inner 
portion, and the subsequent invagination of the former. These 
depressions, which at first are quite open, but later close almost 
completely, can be recognised even in surface view, first as pits, and 
later as irregular slits on the ventral surface of the cephalic lobes 
(Figs. 93, p. 184, and 94 B, p. 185). At a later stage the ventral 
organs close completely and lose their connection with the epidermis. 
As the two vesicles sink down deep into the mass of the brain 
(Fig. 96 B) and thus become closely connected with this latter, it is 
clear that, when the brain becomes small in comparison to the head 
and shifts to the dorsal side of the latter, the vesicles follow the 
l)rain, and. remain connected with it in the form of a thick- walled 
vesicle, the so-called brain-appendage of Pertpatus. The ventral 
organ of the cephalic segment, if, indeed, this vesicle is to be 
considered as such, would be distinguished from those of the trunk 
l^y the complete loss of its connection with the epidermis. 

The significance of the ventral organs has until now remained obscure. Their 
great development in the early part of embryonic life, and their reduction in 
the adult, indicates that they are organs which were more highly developed in 
the ancestors of Peripatus, From their position it might be concluded that 
jierhaps the greater part of the ventral surface, by means of its strong ciliation, 
functioned for locomotion, like the ventral ciliated area of the Annelida. The 
connection of the ventral organs with the nervous system is not sui*prising, 
•considering the origin of the latter out of these ectodermal masses. It is 
possible that during ontogeny the ventral organs may be concerned in supply- 
ing the cell -material for the development of the ventral chain of ganglia. 
V. Kennel's statement that the gradually diminishing cell-mass of the ventral 
•organs is used in the further development of the epidermis seems in keeping 
with the original connection of these organs Tiith the ectoderm, es])ecia11y as, 
with the exception of the ventral organ of the cephalic segment, the greater 
part of each organ retains this connection. The similarity between these 
cephalic ventral organs and the "cephalic pits" of the Arachnida, which are 
in the closest connection with the nervous system (pp. 12 and 58), is very 
striking. Fig. 96 B shows how closely the ** ventral organs" of the head of 
Peripatus become applied to the rudiment of the brain, and comparison of Figs, 
93 and 94 B, with Fig. 4 C, p. 6, Fig. 7, p. 10, and Fig. 28, p. 52, shows that a 
marked agreement exists even in the external position of the depressions in the 
two groups. In the present state of our knowledge, liowever, we are not 
justified in carrying this comparison further.* 

The Nervous System. When the rudiments of the two longi- 
tudinal nerve-trunks first separated from those of the ventral organs, 

* [WiLLEY (App. to Lit on Onychophora, No, II.) finds what he believes to 
be ventral organs persisting in the adult on the anal segment. — Ed.] 
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«i thin layer of fibres had already appeared on the dorsal side of the 
former. As development proceeds this gradually thickens (Figs. 101, 
p. 202, and 102, p. 205). The position of this fibrous layer on 
the mass of the ganglion-cells is practically retained in the adult, 
for even there the fibrous mass lies dorsally to the ganglionic cells 
(Balfour, No. 1), and only a very few of the latter attain a 
position dorsally to the fibrous mass. This feature must be regarded 
as a primitive one. In more highly differentiated forms, e.g., the 
Crustacea and the Arachnida, the fibrous mass is indeed peripheral 
when it first appears, but is soon covered by ganglionic cells, and 
comes to lie within the mass of the ganglion. It has already been 
pointed out, in connection with the Crustacea (Vol. ii., p. 162), 
that the appearance of the fibrous substance on the inner periphery 
of {i.e., dorsally to) the ventral strands might represent a primitive 
condition. 

The transverse commissures Tvhich are, in PeripatuSf found in large numbers 
connecting the longitudinal nerve-tnmks, grow out from the latter like the 
peripheral nerves, which are said to be formed by the outgrowth of nerve- 
fibres (v. Kennel). 

The brain arises in a manner agreeing with the origin of the rest 
of the nervous system, but certain complications are caused by the 
fact that it is formed by the fusion of the ganglia of two distinct 
segments. The separation of the ganglionic rudiment of the 
cephalic segment from the epidermal thickening (ventral organ) 
takes place somewhat as in the trunk-segments, but the fibrous tissue 
here lies much deeper in the mass of ganglionic cells, and is partly 
covered dorsally by the latter (Fig. 96 B). From this dorsal cell- 
mass a strand of cells is continued into the antennal rudiment, and 
forms the rudiment of the antennal nerve (v. Kennkl, Ko. 4, 
Sedgwick, No. 10, Pts. iii. and iv.). The latter therefore appears 
as a direct continuation of the cerebral ganglion, and is in this way 
distinguished from all the other peripheral nerves, which are merely 
outgrowths of nerve-fibres (without participation of ganglionic 
cells). 

The nerve-mass yielded by the cephalic segment soon grows to 
such a size as to occupy the greater part of the head; the two 
masses of ganglion cells, from which the antennal nerves proceed, 
shift towards the middle dorsal line, where they form a pair of large 
egg-shaped swellings (Fig. 97, g). The pair of ganglia composing 
the brain are at first separated by a deep slit. This becomes bridged 
over later, the fibrous mass of the two halves of the brain uniting 
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to form a commissure (the so-called supra-oesophageal commissure, 
V. Kennel). This commissure is thus of secondary origin, and 
seems also to involve parts of the brain lying further back. These 
parts, however, do not belong to the cephalic segment, but are 
formed by the (maxillary) segment that follows it. 

When the jaws become enclosed in the developing buccal cavity, 
the ganglia of the maxillary segment also sink below the surface, 
and pass toward the dorsal surface, so that they can soon be 
recognised in viewing the embryo from the dorsal side (v. Kennel, 
Fig. 97, ^/j/). It must be assumed that this Upward displacement 
takes place along the oesophageal commissures which are already 
present. The maxillary ganglia are thus approximated to those 
of the cephalic segment, with which they subsequently fuse. This 
fusion is very intimate, and the maxillary ganglia can be recognised 
as two moderate prominences behind the antennal ganglia (Fig. 
97, gjjj). The fibrous masses of the maxillary ganglia from the 
two sides unite to form a com- 
missure, the sub - oesophageal 
commissure, this being facilitated 
by the downward slope of the 
posterior ends of these ganglia. 
This method of formation of 
the sub-oesophageal commissure 
renders it very improbable that 
it is a primitive structure. A 
commissure lying further back 
and consisting of cells (Fig. 97, 

C) might rather be considered Fio.97.-Anterior part of the central nervous 

as such. This latter commissure system of an embryo of p. Edwardtii at a 

somewhat earlier stage than that depicted 

connects two ganglionic swellings, jn Fig. 94 B, dorsal aspect (after v. 

which may perhaps be attributed Kw'N-l). ««. antenna; au, eye; c first 

"* '^ '^ commissure after the sub-oesophageal com- 

to the segment of the oral mlssure; ^/and g//, cephalic portion of 

papillae. All the commissures the brain ; j,,,,. portion beloDging to the 

^ ^ maxillary segment ; g/y^ the next follow- 

which follow this are, as already ing ganglion; op, oral paplUa; p/, Orst 

mentioned, said to be derivatives [?^',;.g';anT*^' '"' *^' oesophagus; «i, 
of the fibrous substance. 

The point that must be regarded as of most importance in the formation of 
the brain in PeripcUm is the fusion of the maxillary ganglia with the ganglia 
of the cephalic segment, for this feature distinguishes Peripatiis from the 
Myriopoda and the Insecta so far as is at present known, and connects it 
rather with the Crustacea, in which the ganglia of the segment of the second 
antennae unite with the brain (Vol. ii., p. 165). It therefore seems likely that 

O 
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the jaws of PeripcUiu are to be homologised, not with the mandiblen of the 
Insecta, but rather with the second antennae of the Crustacea. The question 
which naturally arises as to whether tlie corresponding segment has been lost 
in the Insecta, or, in other words, as to the relation to it of the mandibular 
segment, can hardly, in the present state of our knowledge, be profitably 
discussed. 

The close connection brought about between the maxillary segment and the 
cephalic segment increases the probability of the view expressed above, that 
the antennal segment also (now known as the cephalic segment) may have 
been united with a cephalic section formerly present, and now to a great extent 
degenerated. We were led to this assumption by the presence of the two 
prominences in front of the antennal rudiments (Fig. 94, a;), and by the close 
agreement in manner of formation between the antennae and the feet. It is, 
indeed, difficult to reconcile with this view the statement that the antennal 
nerve forms in a manner essentially different from the peripheral nerves, but 
this point has as yet received too little attention to be considered as of decisive 
importance. 

The Eyes. 

The rudiments of the eyes have already appeared before the 
separation of the nervous system from the ventral organs. On 
the dorsal boundary of the ectodermal thickening in the cephalic 
segment, a small pit is formed on each side, behind and somewhat 
ventrally to the rudiments of the antennae; the floor of this pit 
is at first connected with the ectodermal thickening, but soon 
becomes detached from it. The pit closes to form a vesicle, which 
becomes constricted off from the ectoderm. Outwardly, *.e., towards 
the epidermis, this vesicle is unilaminar, but on the inner side it 
is multilaminar. Figment appears on the inner boundaries of its 
cells, and in its cavity the lens is secreted. The cells of the inner 
and lateral walls yield the rods of the retina. A differentiation into 
cell- and fibre-substance has already taken place in the thickened 
inner wall of the optic vesicle, and a connection which occurs 
between this part and a process sent out by the brain gives rise 
to the optic nerve, which is thus a secondary formation (v. Kennel). 

Sedgwick's account of the origin of the eyes in Peripattis is somewhat 
different According to him, the region in which they originate still belongs 
to the brain, and they do not lose their connection with the latter, the inner 
wall of the optic vesicles remaining united with the cell-mass of the brain. 
The optic nerve arises at this point later by simple constriction. The eyes 
thus originate chiefly from the brain, and are covered merely by the ectoderm 
of the surface ; they are " cerebral eyes,*' according to Sedgwick, in opposition 
to v. Kekksl, who believes, as stated above, that they arise independently 
of the brain. 

It is possible that the observations made on the origin of the eyes in Peripaius 
can be harmonised with those of the development of the eyes in the Annelida. 
The eyes of Peripatus agree closely with more highly organised Annelidan eyes^ 
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«uch as those of the Akicpinae, According to Kleinenbero (Vol. i, p. 289, 
Annelidan Lit., No. 26), the eyes in this family arise independently of the 
cephalic ganglion as two ectodermal invaginations, but the inner wall of the 
optic vesicle is said to become closely connected with the brain, giving off cell- 
material direct to the latter. The elements of the two organs, in any case, 
seem for a time to be closely united, at the very point where the optic nerve 
forms later. If Eleinbnberg's observations are confirmed, a similar condition 
might be thought to prevail in PeripcUus also, and the opposing views of 
T. Kennel and Sedgwick might thus be explained. 

The Slime- and the Omral Glands. 

The slime-glands are of ectodermal origin, arising as depressions 
on the tips of the oral papillae (Fig. 93). At first the pits are 
shallow, but they gradually deepen and their blind ends grow inwards 
and backwards. The pit has thus, at the stage depicted in Fig. 
94 B, become a conical tube (Fig. 97, sd), which has grown back 
to the intestine. This growth continues in the following stages, so 
that the glands eventually attain a considerable length. They 
retain their simple tubular form; the branches which occur in 
them in the adult appear as outgrowths shortly before the embryo 
is mature and ready for birth (v. Kennel). 

The slime-glands are no doubt to be regarded as modifications of 
the cmral glands, which, as sac-like structures, lie in the lateral 
■divisions of the body-cavity and open on the ventral side of the 
feet. In the different species of PeripaUis they differ in number 
and in distribution. These glands first appear at a late stage of 
embryonic development as ectodermal invaginations lying at the 
bases of the feet distally to the apertures of the nephridia (Fig. 
102, c, Sedgwick). In the male (P. capensis) the crural glands of 
the last pair of feet are transformed into long glandular tubes 
<Balfour). 

The Alimentary Canal 

With the exception of the short stomodaeum and proctodaeum, 
which are ectodermal derivatives, the alimentary canal is of ento- 
dermal origin. 

The following account is derived principally from the description given by 
Sedgwick of P. capensis, this form being chosen because we must regard it as 
more primitive than the American species examined by v. Kennel. The two 
forms vary principally in the first stages of the development of the intestine, 
the later stages showing great similarity. 

In order to understand the formation of the intestine, we must 
revert to the gastrula stage of P. capensis. The blastopore there 
leads into a cavity, which is lined by a thick protoplasmic 
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syncytium containing nuclei and rich in vacuoles. This voluminous 
nucleated mass must no doubt be regarded as corresponding to the 
yolk with its nuclei found in P, novae-zecUandiae. In the latter 
form, the nucleated yolk forms part of the boundary of the arch- 
enteric cavity. In both forms the blastopore lengthens (Fig. 99 A)y 
and is constricted in the middle of its length, where its edges become 
approximated and fused ; thus the original single blastopore becomes 
divided into two apertures (Fig. 99 A-C), During this process, the 
vacuolated entodermal syncytium becomes arranged into a regular 
epithelium which, where the blastopore is still patent, passes over 
into the ectoderm, but in the region of the closed blastopore forms 
a tube that is said at first to be connected with the mesoderm-bands 
lying in that region, but to become isolated later, thenceforth form- 
ing a distinct entodermal tube. 

In P, novae-zealandiae, in consequence of the large amount of yolk present, 
this process is somewhat different. The entoderm-cells are here said to become 
arranged at the periphery of the yolk into an epithelium which thus surrounds 
the yolk. The latter would then be gradually absorbed during the further 
development of the intestine. The mouth and anus form as in P. capensU 
(Sheldon). 

The two apertures derived from the elongation and constriction 
of the blastopore (Fig. 99 D) are the primitive mouth and anus. 
They do not, however, persist as those organs in the adult, owing 
to the appearance of a depression of the ectoderm at each of the 
openings, so that the point of union between the ectoderm and 
the entoderm is shifted inward, and an ectodermal stomodaeum 
and proctodaeum are formed. 

The changes of form undergone by the embryo have their influence 
on the rudiment of the intestine. As a consequence of the curvature 
of the embryo, the entoderm extends anteriorly and posteriorly above 
the mouth and the anus (Fig. 98 A), The anterior wall of the 
stomodaeum thus runs forward. During the further development 
of the embryo, however, the course changes. When the mouth is 
shifted more to the anterior end, the anterior entodermal sac 
degenerates, and the stomodaeum now appears directed posteriorly 
(Fig. 98 B), The dorsal wall of the anterior portion of the 
intestine up to this point was closely apposed to the body-wall 
(Fig. 98 A and B), but the latter now separates from the gut and 
forms the swollen anterior end of the embryo (Fig. 98 C). It is 
followed in this course by a diverticulum of the entoderm, while 
the stomodaeum retains its former position. This diverticulum is 
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also obliterated in the further course of development, and the 
intestine then runs straight back. The stomodaeum gives rise in 
Peripatus to the muscular oesophageal swelling (pharynx), meso- 
dermal tissue also contributing to its formation. The external 
changes in the mouth have already been described in connection 
with the external form of the body (Fig. 94, p. 185). The growth 
of the embryo produces similar changes at the posterior end of the 
intestine. 



A 



B. 



C. 




Fio. 98.— Median longitudinal sections through embryos of P. caj^nsis at various ages (after 
Sedgwick), an, anus ; di, anterior entoderinal diverticulum ; ent, entoderm ; m, mouth ; 
«t, stomodaeum. 

In the American species of Peripatus^ the intestine even at its first appearance 
differs from that of P. capensis, as no elongation of the blastopore occurs in these 
forms (v. Kennel). The i*udimeut of the enteron, which is completely closed 
to the exterior and has been produced by the ingrowth of cells (Figs. 80, p. 171, 
and 81, p. 173), is here sac-shaped. As the embryo lengthens, the enteron 
also extends in the form of a tube. Its connection with the ectoderm is brought 
about through the fusion of the entoderm with the ectodei-m, an invagination 
of the latter at this point forming the oral aperture. The mouth arises veutrally 
on the boundary between the head and the trunk, and the anus in front of the 
blastopore (Fig. 89 A). It has already been pointed out (p. 178) that these 
two apertures occupy the same positions as in P. cckpensis, and that they perhaps 
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were originally related to the blastopore, v. Kxnnel, however, does not 
believe this, and, further, seems little inclined to attribute much value to the 
observations on this point made in other species of Peripalus. He attributes, 
an altogether different significance to the groove in the blastoderm observed 
by himself and described by us in accordance with the views of English authors 
as the blastopore. 

The further development of the pharynx takes a course similar to that above 
described, the primary oral ai)erture shifting inwards, while an anterior ento- 
dermal diverticulum appears. The anal aperture, on the contrary, which arose 
in front of the blastopore through the formation of a slit (Fig. 89 ^), is said not 
to coincide with the adult anus. The former closes by the approximation 
of its edges, and an ectodermal invagination arises a little distance in front of 
it, grows inward towards the entoderm and fuses with it. The rectum and 
anus are thus formed, the latter then shifting more to the posterior end of the 
embryo in consequence of the unequal growth of the latter (v. Kennel). 

The Mesodermal Stxuctures. 

The formation of the 
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Fio. 99.— Ventral aspect of embryos of P. aipensU, to 
Illustrate the Beginentation of the niesoderm (after 
Baltour aiul Sedgwick), o, anus ; bl, blastopore ; 
m, mouth ; us, primitive segments ; w, zone of 
growth. 




chief mass of the meso- 
derm proceeds from a 
zone of growth lying at 
the posterior end of the 
blastopore, and extends 
forward from this point 
in the form of two bands 
(mesoderm - bands) lying 
symmetrically to the ven- 
tral median line. Where 
a slit -like blastopore is 
present, as in the African 
and Australian species^ 
the mesoderm -bands lie 
in close contact with it^ 
and are thus situated in 
the region where the 
ectoderm passes into the 
entoderm. After the 
blastopore has partially- 
closed, the posterior (anal) 
aperture lies in front of 
the growing zone, and its 
position is the same in 
the American species, in 
which the blastopore is 
not slit-like. 
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English authors, in accordance with the terminology used in the Vertebrata, 
have called the growing zone the primitive streak, and the groove-like depression 
that occurs in it the primitive groove. If such a groove occurs, it must no doubt 
be regarded as a continuation of the blastopore, and we must assume that it is not 
the most posterior part which is retained as the anus. The growing point itself 
must be considered as lying on the posterior margin of the blastopore. At this 
|>oint, a great accumulation of cells takes place, and the germ-layers are hero still 
fused and undifferentiated. In so far as the mesoderm-bands extend forward 
from this undifferentiated cell -mass, the condition here to a certain degree 
resembles that in the Annelida. Sedgwick even speaks of polar cells of the 
mesoderm, but of these nothing definite is known. There can be no doubt that 
the mesoderm is chiefly produced from behind, i.«., from the growing zone, but 
in consequence of the close apposition of the mesoderm-bands to the edges of 
the blastopore, the participation of the latter in their growth cannot be excluded 
(Sedgwick). In the American species, it appears certain that no such partici- 
pation occurs. The forward growth of the mesoderm-bands takes place from 
the point of ingrowth, which must be regarded as the blastopore, and their 
growth determines the lengthening of the whole embryo. The mesoderm-mass 
here separates from the sac-like rudiment of the enteron (Figs. 100 and 101), 
but not so sharply as to exclude a connection of the former with the ectoderm 
on the one side and with the entoderm on the other, which can be proved to 
exist even at later stages, when the mesoderm has become far more highly 
differentiated. The mesoderm may thus be regarded even in this case as 
arising on the boundary between the ectoderm and the entoderm. 

The further development of the mesoderm-bands takes place in a 
manner very similar to that in which they develop in the Annelida. 
Before they have reached the anterior end of the blastoi)ore, they 
break up into paired, regularly arranged segments (Fig. 99 A-C^ 
us). Cavities then appear in these, and, as these gradually widen, 
the cell-material of the separate segments becomes arranged into a 
regular epithelium. The paired primitive segments thus arise. As 
they extend further, the outer wall becomes applied to the ectoderm 
and the inner to the entoderm (Fig. 100), like the somatic and 
splanchnic layers of the Annelida. A pair of primitive segments 
belongs to each body-segment. The differentiation of the primitive 
segments commences in the most anterior part of the mesoderm-bands 
and extends backward, their number increasing with the growth of 
the body ; the first pair of primitive segments to develop is thus that 
belonging to the cephalic segment, and this is also much larger than 
any other pair. It extends almost to the ventral and dorsal middle 
lines ; the two halves, however, do not come into, contact, and con- 
sequently no mesentery is formed. Transverse sections through the 
body of an embryo at the stage when the primitive segments are 
being differentiated closely resemble, especially in the anterior and 
posterior regions, similar sections through an Annelidan embryo; 



Digitized by 



Google 



200 



ONYCHOPHOBA. 



they show the ectoderm with its ventral thickenings, and the two 
mesoderm-segmentfi containing the primitive body-cavity, bounded 
by the epithelial walls, applied to the ectoderm and the entoderm 
(Fig. 100). 

Such anatomical and histological differentiation is present in the 
embryo represented in Fig. 88, and no further essential change 
appears until twelve to fifteen segments are visible externally, 
together with the full (adult) number of internal segments 
(v. Kbnnel). 

When the mesoderm-bands have broken up into the series of 
consecutive primitive segments, the resemblance with the Annelida 
is very striking, but the further course of development differs, 
inasmuch as it is not the segmental cavities which yield the 
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Fig. 100.— Transverse sections through embryos of P. capensis (A) and P. Edvnrdsii (B) (after 
Sedgwick and v. Kknnel). A^ transverse section through the region of the oral papillae in 
an embryo at about the stage depicted in Fig. 91 ^ . J3, transverse section through a trunk- 
segment of a young embryo, d, intestine (entoderm) ; TTi,. dorsal and ventral spaces between 
ectoderm and entoderm (parts of the primary and adult body-cavity) ; I, lateral, nt, 
median portions of the segmental cavities ; mes, portions of mesodenn detached fh>m the 
primitive segments; n, rudiment of the ventral cord; ii«, primitive segment; vo, ventral 
organ ; vo+n, common thickening of the ventral organ and the ventral nerve-cord. 

body-cavity of the adult, for, in PenpatuSy the latter arises as a 
pseudocoelo independent of the primitive segments. All that is 
retained of these segments enters into the formation of the nephridia 
and the genital organs (v. Kbnnbl, Sedgwick). 

The formation of the future body-cavity and of the nephridia is 
commenced by a thickening of the ventral wall of the primitive 
segments; and subsequently, by an ingrowth of the cells of this 
thickening, a separation of the segmental cavity into two spaces is 
brought about, one dorso-median and the other lateral (Fig. 100 B^ 
m and /); these are at first connected, but become completely 
separated later (Fig. 104 -4, p. 210). The dorsal portion shifts 
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towards the dorsal median line, while the greater part of the lateral 
portion is withdrawn into the rudiments of the limhs (Fig. 104, 
V. Kennel, Sedgwick). 

Even before this separation has commenced, while the primitive segments 
still retain their sac-like shape, the antero-dorsal portion of each grows forward 
over a part of the preceding primitive s^ment, and thus extends into the 
preceding body-segment. This explains the fact that in transverse sections we 
not only see the segmental cavity of the segment through which the section 
passes, but also a portion of that belonging to the next segment, and that this 
latter lies above the ventral portion of the segmental cavity of the preceding 
segment 

The lateral portions of the primitive segments yield the nephridia, 
and the dorso- median the genital glands in the segments which 
contain these organs ; in the other segments these portions disappear, 
their cell-elements being used in the formation of the blood vascular 
system and the musculature, and for the further development of the 
pseudocoele, which now comes under consideration. 

The Body-cavity and the Blood-vascular System. 

Even before the division of the primitive segments into two 
portions, the ectoderm had separated from the entoderm with which 
it was until then in close contiguity, thus giving rise to a free space 
dorsally and ventrally to the intestine. These spaces are the first 
indication of the body-cavity of the adult (Fig. 100-4 and By 17i\ 
and into them the mesoderm-cells which become detached from the 
primitive segments wander. As these cells become applied to the 
entoderm and ectoderm, the cavity which is at first bounded merely 
by these two germ-layers, and is therefore to be regarded as the 
primary body-cavity, becomes lined with mesodermal elements 
(Fig. 101 Ay Ih), These spaces, in consequence of their origin, 
are not segmented, but the othel* and lateral portions of the future 
body-cavity, which arise by separation of the cell-elements in the 
inner thickened somatic wall of the lateral portions of the primitive 
segments, exhibit a segmental arrangement (Fig. 101 A^ Uh). 
These cavities, at first distinct from one another, fuse together later, 
and give rise to the two spaces, the lateral sinus of Sedgwick, which 
later run continuously through the body, and in which the nerve- 
strands lie in the adult. Another space on each side of the body 
agreeing in origin with these latter spaces, develops still rflore 
peripherally in the limb-rudiments and surrounds the nephr^ia 
(Figs. 101 and 102, pJh), This last part of the body-cavity, which 
may best be described as the pedal body-cavity, unites later in some 
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places with the lateral spaces, so that, where this is the case, the 
nephridia and the longitudinal nerves come to lie in one common 
cavity. 

Several cavities unite to form the central space which, in the 
adult, contains the intestine and the genital organs. According to 



VQ. 



Fig 101.— Transverse sections throngh erobryoA of P. capensfs at different ages, A being taken 
throagh the segment of the oral papillae (somewhat diagrammatic, after Sroowick). d, 
intestine; Ih, dorsal and ventral median portions of the body-cavity; m.lh, lateral portion 
of the median iKxly-cavity ; n, rudiment of the ventral cord ; iw, nephridia (in A, rudi- 
ment of the salivary glands] ; oe, external aperture of the same ; p, limb ; pe, pericardial 
cavity ; p.lh^ peilal body-cavity ; $h, segmental cavity ; ««, dorsal portion of the primitive 
segments ; vo, ventral organs. 

Sedgwick, two new spaces (Fig. 101 B, pe and m,lh) appear on the 
outer side of each of the dorsal portions of the primitive segments 
(sh)^ the wall of which to some extent forms their inner boundary. 
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The lower of these spaces (m.lh) at a later stage grows above the 
intestine, and unites with its fellow and with the space which has 
already appeared beneath the intestine (Ih) to form the greater part 
of the permanent median cavity, the so-called central compartment 
of the body-cavity, while the upper one represents (pe) the rudiment 
of the pericardial cavity. 

The pericardial spaces on each side extend towards the median 
line, the remains of the primitive segments being thus displaced 
downwards. The cavity (Ih) that arose early above the intestine 
thus appears confined, together with the dorso-median portions of 
the primitive segments (sh), between the two pericardial spaces (pe) ; 
the latter grow above the pseudocode (Ih), and also between the 
latter and the dorsal portions (sli) of the primitive segments, and 
unite with one another in the middle line. Thus the common 
pericardial cavity is formed, surrounding the dorsal pseudocode (Ih) ; 
the latter now assumes a tubular form and becomes the definitive 
heart (Fig. 102, k). According to Sedgwick, the primitive segments 
take no part in the formation of the heart The ostia of the heart, 
the formation of which has not been closely observed, do not arise 
until later, when the embryo is ready for birth. 

Detached mesoderm-cells, which become applied to the outer wall of the heart, 
give rise to the cell-mass within the |>ericardial cavity, which has been compared 
to the fat-body of the Insecta. It involuntarily reminds us of the cell-growth 
on the dorsal vessel of the Annelida, which is probably homologous with the 
pericardial gland of the Mollusca ; but wo are prevented from homologising 
the two structures because the pericardial gland, as an outgrowth of the 
peritoneal epithelium, lie^ within the secondary body-cavity, while the cell- 
mass in Peripattcs lies outside the latter. The pericardial space in Peripatus^ 
like that of other Arthropods, does not correspond to the pericardium of the 
Mollusca or the coelom of the Annelida. Only its ventral wall (the pericardial 
septum. Fig. 301 B, and 102, ps) is perhaps in part formed by the somatic wall 
of the primitive segments, as is also the case in the Insecta. In Peripatus, as 
in the Arthropoda, the dorsal vessel is in direct communication, in the adult, 
with the body-cavity, and this faet is explained by the similarity in the 
development of this system of organs in the two divisions. 

In the two anterior (cephalic and maxillary) segments, the trans- 
formation of the primitive somites undergoes certain modifications 
determined by the special form of these parts. 

In the maxillary segment, the inner or dorsal part of the primitive 
somite is not extensive, and fuses with the corresponding part of the 
succeeding segment which projects into this segment. The different 
spaces of the permanent body-cavity are here less distinctly developed. 
The lateral parts of the primitive segments which occupy the rudi- 
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ments of the jaws undergo considerable thickening of their outer 
walls, the formation of the strong musculature of the jaws being 
thus brought about, the inner wall supplies the cells which form the 
muscles of the pharynx and stomodaeum. 

The primitive somites in the cephalic segment are at first very 
large and occupy the greater part of the segment. As the ventral 
organs and the brain increase in size, the primitive segments are, 
however, pressed towards the dorsal surface, and thus become less 
extensive. Parts of the primitive segments pass into the antennae 
(as elsewhere into the feet), so that these latter at first appear to be 
hollow, though the cavity degenerates later (Fig. 96 -4, us). The 
wall of the first primitive segment gives off cells for the formation 
of the musculature of the oesophagus. According to Sedgwick, the 
anterior primitive segment, like the rest, is divided into a dorsal and 
a lateral portion, the significance of which will be discussed below 
(cf. the Nephridia). 

The Musculature. 

Even in early stages, before any differentiation had taken place in the 
primitive segments, cells became detached from them and became applied to 
the ectoderm. Tliese cells, and others which follow them during the fui'ther 
development of the mesoderm, give rise, immediately below the ectoderm, to a 
layer of circular muscle-fibres, which at first is thin, but in later stages becomes 
much thicker (Sedgwick). The longitudinal muscles arise later than the 
circular fibres, their fibres appearing in the cell-layer that covers the latter 
internally. According to Srdowick, they are distributed into various com- 
plexes, one ventral, two ventro-lateral, two lateral and two dorsal, corresponding 
to the longitudinal muscle-bundles of the adult. 

The musculature of the intestine and of the inner organs generally is derived 
from the wandering cells which become detached from the primitive segments 
and applied to these organs. 

The Nephridia. 

The nephridia arise in the following way from the lateral portions 
of the primitive segments, the greater part of which occupy the 
bases of the limbs. Each primitive segment has a conical outgrowth 
directed towards the ventral side, which lengthens and, at the base 
of the foot, fuses with the ectoderm, which becomes perforated at 
this point, and thus the cavity of the primitive segment opens on to 
the exterior (Fig. 101 A); this aperture persists as the external 
opening of the nephridium (Sedgwick). The nephridium is now 
essentially complete (Fig. 101), for it does not possess a funnel 
opening into the adult body-cavity, as was formerly believed by 
Balfour and Gaffron, but, according to the latest observations of 
Sedgwick, throughout life ends blindly in this direction, the canal 
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of the nephridium being continued into the terminal saccular 
enlargement (Fig. 102, es). 

We must thus ausume that the nephrostome of the Annelida is represented 
by the opening of the nephridium into the terminal sac. The terminal sac, 
therefore, corresponds to the coelom (secondary body-cavity of the Annelida), 
a view which is confirmed by the manner in which the nephridia arise. A part 
of the coelom has thus come into direct relation to the kidney, and a state of 
things is found very similar to what has already been met with in the Crustacea 
(Vol. il, p. 180), and, with certain modifications, will be found to recur in the 
Mollusca. 

Ji. 



P p. 

Fio. 102.— Transverse section throagh the posterior region of the body of an advanced embrj'o 
of P. capensis (after Sedowick, somewhat diagrammaticX c, rudiments of the crnral glands ; 
d, intestine ; m, end-sacs of the nephridia ; h, heart ; l.Ih, lateral, m.lh^ median, p.lh, pedal 
portions of the adult body-cavity ; mes, mesodermal tissue ; n, ventral nerve-trunk ; n«, 
nephridial canal ; oe, external aperture of the nephridium ; p, foot ; pe, pericardial cavity ; 
P9, pericardial septum ; «6, collecting vesicle (urinary bladder) of the nephridium ; sd, slime, 
gland; «o, sole of the foot (thickening of the ectoderm); st, transverse commissure 
connecting the nerve-trunks (n) and the ventral organ (vo) ; g, gonad. 

The above description of the simple formation of the nephridia 
applies specially to those of the segments carrying the first to third 
limbs (of P. capensis). Those of the following limbs are distinguished 
by the fact that the canal becomes much coiled in later stages and 
widens towards its outer end (Sedgwick, Fig. 102, sb), like the urinary 
bladder in the nephridia (antennal glands) of the Malacostraca. 

Apart from the transfonnation which we shall find in the nephridia during 
the formation of the salivary glands and the genital organs, there are im- 
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portant changes to be observed in the cephalic and maxillary segments. In 
the latter the nephridia have degenerated ; traces of them only are said to 
be found (v. Kennel). In the cephalic segment, on the contrary, the two 
segmental cavities (in early stages) are said still to open outward through 
canals (Sheldon, No. 12, Pt ii.). v. Kennel and Sedgwick describe a 
(canal-like) continuation of the primitive cephalic cavity which descends on 
the outer side of the ectodermal thickening (rudiment of the nervous system) 
and fuses with the ectoderm, immediately in front of the jaws (Sedgwick) ; 
according to L. Sheldon, indeed, it even opens outward at this point. This 
canal has been considered homologous to the canal of the nephridia. According 
to Sedgwick, it therefore belongs to the lateral portion of the first primitive 
segment. We cannot clearly make out, from the figures given, the relation 
of this lateral portion to the coelomic cavity of the antennae. We therefore 
refrain from discussing the position of this efferent canal as compared with 
those of the other nephridia, and merely point out that a remarkable change 
in the position of the nephridium towards the limb must have taken place if 
this canal is really the nephridial canal of the so-called cephalic segment, and 
if our former assumption that the antennae of Peripalus are transformed limbs 
is correct {cf, p. 186). 

The Salivaxy Qlftnds. 
According to v. Kennel and Sedgwick, who agree on this point, 
there can be no doubt that the paired gland which opens into the 
buccal cavity through a short, common duct arises from the 
nephridia of the segment carrying the oral papillae. These ducts 
develop in the same way as the undoubted nephridia. They originate, 

after the separation 
of the dorso-median 
part, from the lateral 
portions of the primi- 
tive segments which 
develop an external 
aperture (Fig. 92, nr), 
and 93, «p, p. 184). 
Their further develop- 
ment is peculiar only 
in so far that the 
canal, at the point 
where it passes into 
the terminal sac, 
begins to lengthen posteriorly (Fig. 103 A\ so that a long, blind 
tube arises at this point (Fig. 103 J5, h). This tube gives origin to 
the principal part of the salivary gland ; it, however, retains through- 
out life the vesicular portion of the rudiment («) corresponding to 
the terminal sac (v. Kennel, Sedgwick). The connection of the 




FiOs lOS.— Ponnation of the salivary glands of P. ctipensis 
(after Sedgwick), fc, canal of tho gland; n, nephridial 
canal ; «, terminal sac, the walls of which in A appear 
thinner than in B. 
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latter with the glandular tuhe becomes drawn out into a short canal 
{Fig. 103 B)y which enters the latter dorsally (Sedgwick). 

The two external apertures of the nephridia (Fig. 103, sp) are 
displaced into the buccal cavity by the fold which encloses the 
mouth. They here come to lie in a transverse groove, which, as 
the buccal cavity develops further, becomes deeper and shorter. 
This groove eventually becomes a short canal with a slit-like lumen, 
into which the two nephridial canals (salivary glands) open. This 
is the common efferent duct of the salivary glands opening into the 
buccal cavity (v. Kennel). 

The Anal Glands. 

The so-called anal glands, a pair of glandular tubes which, in the 
male of P, Edwardsii, open ventrally on either side of the anus, and, 
in P. capensis, open through a short, common efferent duct at the 
genital aperture,* and are evidently related to the genital apparatus, 
are shown by their development to be modified nephridia (v. Kennel). 
They arise in P. Edwardsii from the primitive segments of the last 
(limbless) segment upon which the anus opens ventrally. The anal 
glands occur as rudiments in both sexes ; in the male only, however, 
do they attain the functional tubular form; in the female they 
degenerate. 

In P. capensiSf at the male genital aperture, a pair of glands open which are 
apparently the homologue of the anal glands of the American species. But 
since the nephridia of the segment which carries the genital a{)erture give rise 
to the efferent ducts of the genital apparatus (see below, p. 209), these glands 
must have a different origin. It appears probable that they are derived from 
one of the two additional pairs of primitive segments found by Sedgwick in 
P, capensis behind the primitive segments of the anal papillae. In this form, 
the genital aperture has shifted to a position quite near the anus, lying in front 
of it on the segment carrying the anal papillae. In P. Edwurdaii, on the 
<contrary, the genital aperture is found two segments further forwaixl, on the 
penultimate limb-bearing segment. Since, according to Sedgwick, there are 
still two segments which remain in an undeveloped condition behind the last 
fully formed primitive segment (that of the efferent genital ducts), it might be 
assumed that these corresponded to the last limb-bearing segment and to the 
60-called anal segment of the American species. The latter would thus have two 
well-developed segments (the genital segment and that following it) in a region 
where in the African and New Zealand species a degeneration occurred, which led 
to the genital and anal apertures coming to lie on apparently one and the same 
segment. This would also explain the approximation of one of the last pairs 
of nephridia (the anal glands) to the antepenultimate pair (the efferent genital 
ducts). This assumption seems to be confirmed by the fact recently made 

* [In P. novae-hritanniae (Willey), the pygidial (anal) glands open by a 
median aperture situated immediately above the anal orifice. — £d.] 
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known by L. Sheldon (No. 13) that, in P. novae-zealandiaej in the so-called 
anal segment, there are two coiled glandular tubes, each of which opens 
independently at the side of the body and laterally to the nerve- trunks, t.«., 
at a spot where normally the nephridial apertures open. These two glands 
are the equivalents of the anal glands (Sedgwick, Sheldon), and are more 
correctly called accessory glands of the male genital apparatus ; from their 
position, they may safely be regarded as modified nephridia. It should be 
mentioned further that the American species, which thus shows the more 
[)rimitive condition in the segmentation of the posterior end of the body, shows 
on the other hand a less primitive method of reproduction. The shifting of 
the anus forward from the terminal segment must, indeed, in any case be 
regarded as secondary. 

The Oenital Organs. 

In the fifteen anterior segments of the embryo of P. capensiSy the 
dorso-median portions of the primitive segments are concerned in 
the formation of the pericardium and heart, but in the following 
segments their fate is quite different. After their separation from 
the lateral or nephridial portions, they shift towards the dorsal 
median line, and, decreasing in size, come to lie as small triangular 
sacs between the wall of the intestine and the pericardiukn (Fig. 
102, g). It is these, according to Sedgwick, which yield the 
genital glands. Cells appear in them at a very early stage; these, 
which are distinguished by their size and specially large nuclei, 
are the primitive genital cells. We might assume with v. Kennel, 
that these arise in the wall of the primitive segments themselves, or 
in^he mesoderm-mass, before it breaks up into primitive segments, 
as will be described later in connection with the Insecta. On the 
other hand, Sedgwick ascribes an entodermal origin to the genital 
cells. [See Editorial Preface, Vol. II.] 

By the fusion of the dorsal portions of the primitive somites 
pertaining to consecutive body-segments and the breaking through 
of their transverse walls, two tubes are formed, and these come 
to lie in the middle division of the body-cavity. Up to this point, 
the rudiments of the genital organs are alike in the two sexes, but 
a histological differentiation now takes place, inasmuch as the genital 
cells increase more rapidly in the male, and become smaller, whereas 
in the female the germ-cells retain their large size. There is also an 
anatomical differentiation, the genital rudiments in the female fusing 
at the anterior end, while in the male they remain distinct in corre- 
spondence with the form of the genital apparatus in the adult. 

We must assume that the median portions of these posterior 
primitive segments yield the genital glands, while the efferent ducts 
are derived from the lateral portions of that primitive segment 
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ivhich develops the genital aperture (in P. capensis this is the segment 
of the anal papillae, and in the American species the antepenultimate 
segment).* An actual separation into a lateral and a dorso-median 
section, such as takes place in the other primitive segments, does 
not, however, occur in the genital segment; here, indeed, the 
primitive somite extends dorsally, but its widened dorsal portion 
remains connected with the lateral portion. After this primitive 
segment, like the rudiments of the nephridia, has acquired an 
external aperture, its dorsal part fuses with the posterior ends of 
each of the tubular genital glands, and the rudiment of the genital 
organs is thus essentially completed. The two external apertures 
shift towards the middle line so as to lie beside one another. An 
invagination of the ectoderm then yields the unpaired terminal 
region (ductus ejaculatorius, vagina) of the genital apparatus. 

The development of the genital organs makes it evident that the cavity of 
the genital glands is homologous with the secondary body-cavity (or coelom). 
Its cellular lining thus corresponds to the peritoneal epithelium of the Annelida ; 
in both cases the genital products become detached from this, fall into the 
secondary body-cavity, i.e., in Peripatus the cavity of the genital glands, and 
pass out of the body through the nephridia. That the efferent ducts of the 
genital apparatus in Peripatus are homologous with the nephridia cannot be 
doubted. This is not only proved by their manner of developing, but is also 
confirmed by the fact that in the American species the nephridia are wanting 
in the antepenultimate segment, which canies the genital apertures, while they 
are regularly developed in the preceding segments and in the segment that 
follows (Gaffron). 

The transformation of nephridia into efferent genital ducts such as are found 
in Peripatus is of special interest, because of the continuity of the transformed 
nephridia with the genital glands, and because this demonstrates a similar 
morphological constitution of the whole of the genital apparatus, such as is 
met with in other Arthropoda. This continuity tends to mask the natui-e of 
the efferent ducts; their true character as nephridia can only be ascertained 
with certainty from the study of their development 

Another acconnt of the origin of the Mesodermal Structures. 

The description given by v. Kennel of the transformation of the primitive 
segments differs in some essential points from those of the English authors. 
Since those points are of great importance, they must be separately discussed. 

According to v. Kennel, besides the cell-growth which, in the form of a 
fold projecting from below, divides the segmental cavity into two spaces (Fig. 
100 B, p. 200), a second fold grows in from the inner wall of the cavity 
(Fig. 104 ^), so that the cavity is divided into three spaces which for a time 
are in communication (Fig. 104 Ay /, //, ///). The dorso-median portion (///) 
then becomes partitioned off, and this as well as the greater part of the lateral 
portion, which lies principally in the foot, is used up in providing elements 

* Cf, on this point the remarks on the anal glands, p. 207. 
P 
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for the formation of the muscles and the connective tissue. The boundaries 
of the pseudocoele are thus formed, the latter arising on the whole in the way 
already described by the separation from one another of the primary germ- 
layers and the formation of cavities in the massive mesodermal tissue, the 
remaining spaces belonging to the primitive segments naturally being added 
as their boundary walls break up. The continuity of the lining epithelium 
is only retained in the middle (ventral) portion (//) of the primitive segment. 
This yields the funnel of the nephridium (Fig. 
A 104 A-Ct II), which, according to this account, 

as also according to the statements of Balfour 
and Gaffron, is open towards the adult body- 
cavity. This funnel-, of mesodermal origin, is 
joined by a ventral invagination of the ectoderm, 
which proceeds from the base of the foot and 
grows out like a tube (Fig. 104 A-C, tic). 
-^ ,^ Thus while Sedgwick derives the whole of 

^^ the nephridium from the mesoderm, v. Kennel 

^ traces the origin and the greater part of the 

nephridium to the ectoderm. In our previous 
description we followed the accounts of Balfour 
and Gaffron, because, from researches made by 
Beroh* in connection with the Annelida, it 
has become highly probable that the nephridia 
in those animals are formed entirely from the 
mesoderm. 

The derivation of the nephridial canal from 
the ectoderm must also affect v. Kennel's view 
gt xts, as to the formation of the genital organs, since 

he too acknowledged the efferent genital ducts 
as transformed nephridia. Not only the terminal 
portion, but the whole of the efferent ducts is 
therefore of ectodermal origin ; only a short 
piece, connecting the ectodermal uteri and vasa 
deferentia with the genital glands is yielded by the 
mesodermal nephridial funnel (Fig. 106 A-C, ml). 
From this, in the female, are produced the acces- 
sory structures of the uterus. A glance at Fig. 
105 A-C makes this clear. The female in 
P. tiovae-zealandiae has a paired receptaculum 
seminis, and in the American species a paired 
receptaculum ovorum as well, which opens 
between the former and the ovary, and close 
to the latter, into the uteras. These accessory 
structures are not found in the female in 
P. eapensis. 

The paired receptaculum seminis arises 
as follows : — Each of the two uteri makes 
a sharp bend behind the ovary, so that 

* R. S. Beroh, Neue Beitriige zur Embryologic der Anneliden, Theil i., 
Zeitschr. /. wiss. Zool, Bd. 1., 1890 ; c/. also Vol. i., p. 297. 
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Fio. 104.— Portions of sections 
through embryos of P. Ed- 
vnrdsii at various stages (dia- 
grammatic, after v. Kzhnbl, 
from Lavo's TesX-hotk of Cmnp. 
Anat.). d, intestine; I, foot; 
Ui, body-cavity : m, mesodermal 
tissue ; n, ventral nerve-trunk ; 
nc, nephridial canal ; /, II, III, 
the three spaces of the primi- 
tive segment-cavity, // repre- 
senting the rudiment of the 
flinnel. 
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si one point the ascending and descending portions approach each 
other. As the bent part widens at the same time, fusion and 
perforation of the wall of the uterus takes place, so that the parts 
of the uterus in front of and behind the bend enter into direct com- 
munication. From this point, however, two canals lead into the 
widened portion of the uterus^ which has thus become vesicular, 
and forms the receptaculum seminis. 

The receptacidum ovorum arises between the receptaculum seminis 
and the ovary as a hemia-like outgrowth of the uterus (or oviduct). 
When this has attained a certain size, the epithelium at its point 
is said to rupture (v. Kennel), the so-called ovarial funnel of 
Gaffron thus arising. This funnel, however, is not, as this author 
assumes, open towards the body- 
cavity, but remains covered by the 
connective tissue which invests the A 

uterus (v. Kennel). m.f 

These points seem to require re-investi- 
gation. In the meantime, Sedowick's 
^o^jectnre that the receptaculum ovorum 
corresponds to the terminal sac of the 
nephridium of the genital segment seems to 
merit attention.* 

V. Kennel agrees with Sedgwick as to 
the formation of the genital glands in so far 
4is he also derives them from the dorso- 
median portion of the primitive segments, 
but, if we understand him rightly, he 
thinks that the dorsal portions of only two 
primUi've segments, viz., those belonging to 
the genital segments, take part in the 
process; these remain united with the 
lateral portions (Fig. 105 A-C), as Sedgwick 
also showed. 




General CoiudderationB. 

The possession of tracheae and seg- 
mentally arranged nephridia brings 
Peripaiua into relation with the 
Arthropoda on the one hand and the 
Annelida on the other. In addition 
to these two principal characters, 
Peripatus has a number of other 



Fio. 105. — Disgrammatle BecUons 
through the genital aegment of 
female embryos of P. Bdvxirdsii at 
yarious ages (after t. Ebnvbl, flrom 
Lakg's Text 'book C(f Comp, Anat.), 
df Intestine; c«, nephridial canal 
(arising through an invagination of 
the ectoderm); mZ, mesodermal por^ 
tion (ftinnel) of the nephridium ; n, 
ventral nerre-trunk ; ov, ovary (dorso- 
inedian portion of the primitive seg- 
ment) ; va, vagina (unpaired ecto- 
dermal invagination). 



• [WiLLKY (App. to Lit on Onychophora, No. II.) supports Sedgwick'r 
views. — Ed.] 
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features in common with these two divisions, some of these occurring 
in its ontogeny. 

Although the eggs of some species of PenpoUus have little, or even 
no yolk, it is highly probable that they are to be traced back to eggs 
rich in yolk, like those of P. novae-zealandiae.* These updergo 
superficial cleavage and become covered with a blastoderm, and thus 
resemble the eggs of the majority of Arthropods. The long, slit-like 
blastopore which, in closing, leaves the oral and anal apertures, finds 
its homologue among the Insecta. The formation of the germ-layers 
can also be compared with processes found among the Insecta or the 
Crustacea, but in the development of the mesoderm -bands from 
the edge of the blastopore and their gradual shifting forwards, and 
in the nature of the segmentation of these bands, we find an agree- 
ment with the Annelida. The same is true with regard to the 
form of the germ -bands, which is, of course, largely determined 
by the nature of the mesoderm-bands. Balfour pointed out the 
great similarity between the germ-bands of Peripatus and those of 
the Myriopoda and the Arachnida (e,g,y QeophUus^ Scorpio, Agalena), 
which is shown in the form of the limb-rudiments, and especially 
in that of the cephalic lobes. But we must remember that the 
formation of such germ-bands was first introduced in the Annelida 
{Oligochaeta, Hirudinea). 

The great development of the brain and the possession of limbs 
produces again a greater resemblance to the Arthropoda. This 
resemblance finds further expression in the union of several segments 
to form the head, and in the transformation of their appendages 
(limbs) into mouth-parts. The inclusion of one or more trunk- 
segments in the head has, indeed, been stated for the Annelida, but 
these segments are never so radically transformed as in the Arthro- 
poda and in Peiipatus. Such agreement suggests the question 
whether the cephalic segments of the Onychophora and those of 
the Arthropoda may not be homologous, but we are here met 
with difficulties, the number of the segments involved in the 
formation of. the head diflfering in the two groups, and the relation 
of the segments to each other also varying. The latter finds its 
expression in the composition of the brain. In PeripcUtis the 
ganglia of the maxillary segment are included in the formation 
of the brain, which is not the case in the Myriopoda and Insecta. 
'Jhe jaws of Peripatus cannot, therefore, be homologised with the 

* [For WiLLEv's conclusions (App. to Lit. on Onychophora, No. II.) see 
footnotes, pp. 165 and 216.-— Ed.] 
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mandibles of the Insecta, but this condition in Peripaius recalls a 
similar feature in the Crustacea, in which the ganglia of the second 
antennae are incorporated in the brain. The second antennae of 
the Crustacea may thus better be compared with the jaws of 
Peripatus. Then, however, the question arises, whether a segment 
has not been lost in the Insecta. This point can only be fully 
discussed later on (ch. xxviii.). Our view of the antenna-bearing 
segment, and of its relation to that of the Crustacea or of the air- 
breathing Arthropoda on the one hand, and to the cephalic segment 
of the Annelida on the other, has already been stated (p. 186), and 
to this we must refer the reader. We mufet, however, point out 
that> in the transformation of the anterior limbs into mouth-parts, 
Peripatus approaches the Arthropoda and is removed from the 
Annelida, in which the jaws are mere ciiticular developments of 
the stomodaeum. 

There can be no doubt that, by the development of limbs armed 
with claws, Peripatus is in advance of the Annelida ; on the 
other hand, the limbs are without the segmentation characteristic 
of the Arthropoda ; the lateral position of the feet also seems a more 
primitive character inclining towards the Annelida, this character, 
together • with the homonomous segmentation of the body, giving 
Peripatus a worm-like appearance. Another point of resemblance 
to the Annelida is found in the crural glands, which have no doubt 
rightly been traced back to the glandular sacs (setiparous glands) 
of the Annelidan parapodia (Balfour). The crural glands are 
found again in the higher Tracheata, although in these transformed 
nephridia (coxal glands) have repeatedly been held to be the homo- 
logues of the crural glands of Peripatus, The passage of the 
primitive segments into the limbs, which is so characteristic of 
PeripatuSf recurs, though not to such a great extent, in the 
Myriopoda, the lower Insects, and the Arachnida. 

When the mesoderm-bands first appear and break up into 
segments, their wide extension brings about a great resemblance 
between the embryo of Penpaius and the Annelida, though it 
must not be forgotten that this similarity is greatest just in the 
species in which the yolk is most reduced, and which we must 
therefore assume show a derived condition (African and American 
species).* With regard to the development of the mesoderm, 
Peripatus shows, on the whole, a greater "resemblance to the 
Arthropoda, if the musculature and the segmental repetition of 
• [See footnote, p. 165.— Ed.] 
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the nephridia are left out of account. The muscles, with the 
exception of those of the jaw, show no transverse striation. They 
form a dermo-muscular tube composed of several layers of diagonal 
and longitudinal fibres arranged in symmetrically distributed bands. 
Here we have features which recall the Annelida far more than 
the Arthropoda, in which the dermo-muscular tube breaks up into 
separate groups of muscles distributed in a definite manner. The 
body-cavity, on the contrary, in its origin (as a pseudocode), as 
well as in its final development, is altogether Arthropodan in 
character. This is also the case with the dorsal vessel, which is 
connected by ostia with the pericardium, and thus with the pseudo- 
code, for the pericardial space is, as in the Arthropoda, a part of 
the pseudocoele, and is formed on the whole in the same manner 
as that of the Arthropoda. The development of the body-cavity, 
and its division into separate spaces in the embryo, may be 
compared with what is found in the ontogeny of the Myriopoda 
and the Insecta, and may thus be regarded as an important point 
of agreement between Peripatus and these forms (t.6., the Arthropoda 
generally). 

The nephridia seemed to be a specially strong bond of union 
between Peripatus and the Annelida as long as we had to assume 
that they opened, as in the latter, through a wide funnel into the 
body-cavity (Balfour, Gaffron). But since it has become known 
that they are closed by means of a vesicle towards the adult body- 
cavity (Sbdowigk), although their segmental repetition still offers an 
important point of comparison with the Annelida, a still greater 
inclination towards the Arthropoda is shown, the nephridia (antennal 
and shell-glands) in the Crustacea having the same form.* This 
similarity of structure renders it probable that the nephridia of 
Peripaiua are no longer ciliated t; if, however, the statements that 
have been made as to the presence of a ciliated epithelium in the 
nephridia that are transformed in the efferent genital ducts X should 

* [This vesicle or end-sac is a thin-walled remnant of the coeloni, homologous 
with that of an Annelid, with which the nephridiiim communicates by a thick- 
walled funnel. The l)ody-cavity of the adult Peripatus is a pseudocoele like 
that of other Arthropoda, with which we should certainly not expect to find the 
nephridia communicatinfi'. The nephridia of Peripattis are specially interesting 
since they appear to combine certain Arthropodan features (the coelomic end-sae) 
with others only met witli in the Annelida (segmental repetition and marked 
funnel). — Ed.] 

t We have not been able to find any definite statementa as to the presence or 
absence of cilia in the nej)hridia of Peripatus. 

t Gaffron describes and figures a thickly ciliated epithelium lining the vasa 
deferentia. 
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prove correct) this fact would furnish another Aimelidan chietracteristic 
for Peripcdus, 

The nephridia in Peripatus, as in the Annelida, are utilised as 
efferent ducts of the genital organs. The genital products here, as 
there, arise in the wall of the secondary hody-cavity (which, 
in PeripcUus, is very much circumscribed), and pass from it into 
the funnel of the nephridium. At this point, however, the develop- 
ment of Peripatus seems once more to bring it near to the 
Arthropoda. The ducts unite with the genital glands to form 
one whole, a condition which, indeed, has already been met with 
in various divisions of the Annelida. 

The structure of the eyes in Peripatus and their mode of origin 
show no connection with the organisation of the Arthropoda, but, 
on the contrary, agree very closely with that of the Annelida. 
The eyes closely resemble the eyes of the Alciopinae, Further, 
in comparing Peripatus with the Myriopoda, the absence of 
Malpighian vessels, or, indeed, of any trace of such organs, is a 
striking peculiarity. 

In forming a comprehensive judgment of the anatomical and 
ontogenetic relationships of Peripatus, we have to admit that it 
unites Annelidan with Arthropodan characters, but that the lattei 
preponderate; not only in its external form, but in its inner 
organisation, does Peripatua appear far more like an Arthropod 
than an Annelid. Phylogenetically, Peripatus may well be con- 
sidered as an intermediate form in a series beginning with the 
Annelida and ending with the Insecta, although this does not, of 
course, imply that Peripatus is actually to be regarded as the 
ancestor of the Myriopoda and the Insecta. 

Another peculiarity, worthy of note from an ontogenetic point 
of view, is the late appearance of the tracheae, the origin of which 
has not so far been observed even in the oldest embryos, and the 
interpretation of which is rendered appreciably more difficult by our 
ignorance of their formation. We can hardly err in tracing them 
back to ectodermal invaginations, and it therefore seems probable 
that they are to be derived from modified integumental glands, 
or, still better, from respiratory portions of the body-covering. 
Whether we may, from the absence of observations on this point, 
conclude that the tracheae actually appear very late, or whether we 
must consider that they have been overlooked, does not appear 
very certain, but we are inclined to adopt the first of these views, 
and to explain the late ontogenetic appearance of the tracheae by 
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theii late phylogenetic acquisition. The irregular distribution of 
the tracheae in Peripatics, as contrasted with their regular arrange- 
ment in the higher Tracheata, seems to indicate a lower condi- 
tion of the tracheal system, and thus confirms the view that it is 
newly acquired, and found, in Peripatua^ to a certain extent in its 
initial stage. ""^ 
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CHAPTER XXVI. 

MYRIOPODA. 

Systematic : — 

I, Chilopoda, with a dorso-ventrally compressed body, two pairs 
of maxillae, and one pair of maxillipedes ; with one pair of limbs 
on each body-segment ; genital aperture on the penultimate segment. 

Oeophilus, Lithobiiis, Scolopendra^ Scuiigera, 

II. Stmphtla, small delicate forms with only twelve segments^ 
to each of which is added an intermediate segment; with twelve 
pairs of limbs on the principal segments ; with one pair of maxillae^ 
without maxillipedes; genital aperture on the fourth segment; a 
single pair of branching tracheae opening on the head; at the 
posterior end, two stylet-like processes (cerci). 

Scolopendrella. 

III. Pauropoda, small delicate forms with twelve body-segments,, 
nine of which only carry limbs ; with one pair of maxillae ; without 
maxillipedes ; characterised by the possession of three long flagellae 
on the antennae; paired genital apertures situated at the base of 
the second pair of legs; tracheae not known. 

Pauropus. 

IV, DiPLOPODA (Chilognatha),* with cylindrical body; with 
one pair of maxillae (gnathochilarium), without maxillipedes; the 
fifth and subsequent segments are double, each carrying two pairs 
of limbs; genital aperture between the second and third pairs of 
limbs. 

Poli/xenus, Glotneria, Polydesmua, Strotigylosmna, Julus, 

Oviposition and the Oonstitntion of the Egg. 

The eggs of the Diplopoda are usually laid in large numbers,, 
enclosed in an earthen nest formed by the female, by whom they 
are watched for a long time, often until the young are hatched.. 

* [PococK subdivides the Diplopoda into the Pselaphognatha, containing the 
single family Polyxenidae, and the Chilognatha. For recent views on relation- 
ship of the Chilopoda and the Diplopoda, see footnote at the end of this chapter. 
—Ed.] 
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The nests are found in the damp earth, under stones, the bark of 
trees, etc. The eggs within them may be glued together into large 
clumps (Juhis), The Polyxenidae surround the heaps of eggs with 
a thick envelope formed from their own hair. Glomeris lays its 
eggs singly and at wide intervals; each egg is surrounded by the 
female with a special capsule formed out of earth moistened by a 
glandular secretion.* 

It has been stated that viviparous forms occur among the Scolo- 
pendridae; but, on the other hand, some of these animals have 
also been observed to lay eggs in large clusters. In these latter 
cases it was found that the eggs are taken care of by the female, 

a. 



MM. 



lU 



Fio. 106. — Sections through eggs of Geophilut femigintMs at two early stages, illustrating the 
formation of the blastoUenn (after Sooraff). d, yolk ; dp, yolk-pyrainids ; A;, nuclei, each 
surrounded with a protoplasmic area. 

which rolls itself spirally round them and remains immovable until 
the young are hatched. Lithohivs lays its sticky eggs one at a time 
and rolls them in the soil until they become coated with earth. 

The eggs, which are usually spherical, seldom oval, are very rich 
in yolk. They are surrounded by a vitelline membrane and another 
structureless but firmer envelope, the chorion, which is apparently 
secreted by the genital ducts. 

* Statements of a more detailed nature as to the time and mode of laying 
the eggs in the Diplopoda are to be found in the older works of Newport and 
Fabre, and more especially in two treatises by O. v. Rath (Nos. 16 and 17). 
Further accounts of the laying of the eggs and the care of the brood are given 
by Latzel (No. 10) in his description ofdifferent species of Myriopoda, 
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1. Cleavage and Formation of the Gterm-layers. 

The cleavage of the Myriopodan egg has repeatedly been described 
as total, but deserves this designation even less than, for example, 
the eggs of the Araneae. The egg, it is true, shows a number of 
segments, which at first is not large, but increases later, and these 
produce the appearance of division into more or less sharply marked 
blastomeres, but this appearance is not the expression of total 
cleavage in the strict meaning of the term, and only arises some 
time after the division of the cleavage-nucleus and its descendants 
inside the egg, 

a. ^' 



u. 



Fio. 107.— Sections through eggs of GtopMlvM firrugineus showing the blastoderni'fonuatioD 
(after Sooraff). hi, blastoderm ; dp, yolk^pyraniids ; gr, groups of blastoderm-cells on the 
future dorsal surface ; k, nuclei with the protoplasmic areas surrounding them. 

The cleavage of the external surface of the egg does not appear to take place 
in all Myriopodan eggs. Heathcote, for instance, points out specially, in 
connection with the Jiilus terrestris, Leach, that no outward segmentation 
is to be observed in tliis form, although Metschnikoff, in another species 
of Jiihis {J, Morelletti, Lucas), carefully described and figured the segmentation 
of the surface of the egg. The absence of this external cleavage in other 
species is perhaps to be accounted for by the great abundance of yolk in these 
forms. 

The cleavage-nucleus lies, surrounded by a mass of protoplasm, in 
the centre of the egg. It here divides first into two, and these soon 
increase by further division, so that many nuclei, each surrounded 
with an area of protoplasm, are found at this stage in the centre of 
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the egg (Fig, 106 A). Only after this has taken place do the 
separate cell-areas hecome marked off from one another (Fig. 106 B), 
and thus produce the appearance of total cleavage mentioned above. 
We may assume that some of the central nuclei had already shifted 
towards the periphery, and that the cleavage of the egg is a con- 
sequence of this. It is probable that the yolk -pyramids which 
are bounded by the furrows are provided with nuclei, although it 
has been impossible up to the present time to prove this with 
certainty. Sograff assumes that the nuclei belonging to the pyra- 
mids lie at their tips, and are therefore not far removed from the 
central nuclei. The yolk-pyramids are not completely marked off 
from one another, but are connected at the centre of the egg where 
the central nuclei lie (Fig. 106 B). 

After the cleavage of the yolk has taken place, a migration of the 
central nuclei towards the periphery occurs. The nuclei force their 
way into the yolk-pyramids, 
the number of which has 'W. 

increased, and shift towards 
the periphery of the egg 

(Fig. 107). Judging from ^• 

Sooraff's figures, this migra- 
tion seems to take place chiefly dot. 

along the boundaries of the **• 

yolk-pyramids (Fig. 107 A), ^^ 
Eeaching the surface of the 

egg, the nuclei at first are R. 

not evenly distributed, but 
arranged in groups (Metsch- ^^ 

NIKOFP, Sograff, HeaTHCOTE), Fio. lOS.-Sectiou through an embryo of Julus 
iMif lofA» fk^-n^ -P/^^n^ rt «/^« <err<«fm on the sixteenth day of development, 

but later they form a con- ^,„^^^,j di.gr.mm.tic (.Jtor heaihcote): 

tinuOUS layer of cells, the &2, blastodenn; d, yolk; do, dorsal surface; 

1 1 . J m. 1 i.. 1 dt, yolk-cells ; Jb, the keel-shaped accumulation 

blastoderm. The latter de- of cells on th; T;ntrai aide (4; 

velops first on the ventral 

surface (Fig. 107 B), where the cells divided more quickly, and 

consequently become smaller, and proceeds from this to the dorsal 

surface, where, until now, the cells were still arranged in groups 

(Fig. 107 By gr). The yolk-pyramids remain distinct until some 

time after the formation of the blastoderm, 

Most authors agree in assuming that in the formation of the 
blastoderm a large proportion of the nuclei remain within the egg^ 
perhaps in the yolk-pyramids. This cell-material represents for the 
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most part the entoderm, but is also said to take part in the formation 
of the mesoderm (Sograff, Hbathgote). The latter arises partly as 
a cell -growth which takes place in the ventro- median portion of 
the blastoderm. There arises in this region a thickening of the 
blastoderm projecting inward in the shape of a keel (Fig. 108), in 
the formation of which cells are said to take part that migrate from 
the inner part of the egg and become applied to the thickening 
(Heathootb, Sograff). This thickening is at first median, but 
divides later into two lateral bands (the mesoderm-bands), which 
then break up into segments containing cavities. 



^' B, 



VL 



Fio. 109.— Surfiice views of three early sUges in the development of Geophilus ftrrugineus, 
showing the rudiment of the germ-band (after Soobaff). A and £, lateral views. C, ventrai 
view of the anterior part of the germ-hand, a, anus ; at, antenna ; d, yolk ; kl^ cephalic 
lobes; md^ mandibular segment; mX|, segment of the first pair of maxillae; r, median 
longitudinal groove. 

As a longitudinal furrow appeared early in the ventral middle 
line, the formation of the germ-bands in the Myriopoda might be 
interpreted in the same way as in Peripatus^ i.e., the furrow might 
be regarded as an indication of gastrulation, especially as the mouth 
and the anus appear at its anterior and posterior ends. 

This view, indeed, is in opposition to the statements regarding the origin of 
the entoderm from cells which have remained in the yolk, but we must remember 
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that similar statements have been made in connection with the Insecta, which 
later research has not confirmed, and, moreover, the ontogeny of the Myriopoda 
has not yet been exhaustively investigated, so that nothing definite is known as 
to the relation of this farrow to the formation of the germ-layers.* 

The cleavage and the formation of the germ-layers in the Myriopoda has been 
investigated by Mktschnikoff in various Diplopoda {Strongylosoma, Polydeamus^ 
PolyxenuSt ^^'^ Juhis, No. 11), as well as in the Chilopoda {OeophiluSj No. 12) ; 
the last-named form has also been investigated by Sooraff (Nos. 19 and 20), 
while Heathcote has re-investigated Julus (No. 7). The earliest observations 
are those of Mktschnikoff, but these unfortunately were made without the 
assistance of sections. Sooraff's treatise being in Russian has remained to 
a certain extent inaccessible to us, and the descriptions of Heathcote are 
not very satisfactory. Besides these there is a treatise by Stecker on the 
early development in the Myriopoda (No. 21). The results obtained by this 
author are, as Balfour pointed out, in absolute contradiction to what is 
otherwise known of the ontogeny of the Myriopoda. This author found no 
free yolk, and observed a blastula giving rise to an invagination-gastrula with a 
wide archenteron. It has been conjectured by Souraff (No. 19), that Stecker 
mistook Gastropod eggs for the eggs of Myriopoda, but this hardly appears 
possible when we consider Stecker's definite statements as to the species 
examined by him and his description of their later stages. Further investiga- 
tions of the genera examined by Stecker have led to totally different results, 
which justify us in regarding Steckbr's account as unreliable and inadmissible 
in our account of the ontogeny of the Myriopoda. 

2. The Development of the External Form of the Body. 
A. Chilopoda. 

As has already been mentioned, the development of the blastoderm 
IS first completed on the ventral side of the egg, from whence it 
spreads later to the dorsal side (Fig. 107 B). This ventral blastoderm 
consists of small cells, and here the rudiment of the germ-band 
appears, its cephalic lobes being first visible (Fig. 1 09, kl). Posteriorly 
no difiFerentiation can be observed, the rudiment of the germ-band 
there fading away into the undifferentiated blastoderm, which has 
not yet completely surrounded the egg. The rudiments of the 
antennae appear early at the posterior boundary of this first 
recognisable segment of the germ-band, the cephalic lobes (Fig. 
109, B and C, at). The next segment to appear belongs to the 
mandibles, and then follow the segments of the two pairs of 
maxillae and the maxillipedes (Fig. 110, md^mp). The limbs and 
segments generally develop in regular order from before backward, 
as can be clearly made out from Figs. 109 (7, 110 and 111. 

According to Sograff, the anus forms very early in Geophilus 

* [Heymons (App. to Lit. on Myi'iopoda, No. III.) states that there is no 
gastrula-groove in Scolqpendra ; he finds that the entoderm forms ))otli fi*om the 
yolk-cells and by a budding off of cells from all parts of the blastoderm. — Ed.] 
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(Fig; 109 J9, a). The mouth, on the contrary, is said to appear 
only at a later stage. It can be seen as an invagination between 
the cephalic lobes when five segments have developed. 

It is difficult to ascertain from the descriptions given whether the oral 
invagination lies in front of the antennae ; this is certainly indicated in Fig. 
Ill of a Oeophilus embryo, while in other figures {e.g,^ Fig. 110) it is not 




Fios. 110 AND 111.— Two stages In the development of the germ-bands of GeophilusferruifineuM, 
nnroUed (alter Sooraff). a, anus ; at, antenna ; kl, cephalic lobes ; m, mouth ; md^ mandi- 
bles; m.g, Malpighian vessels; mj), maxillipedes (or segment of the maxillipedes) ; maji, 
nu-ji flrstand second maxillae (or segments of the same); nr, neural groove; ol, upper lip; 
P, legs; Pi, ^at segments of the first two pairs of legs; r, ventral longitudinal groove; 
8, the lateral parts of the germ-bands which already show segmentation ; si, caudal lobe ; 
ul, paired rudiment of the lower lip. 

evident. In this latter figure, which represents an earlier stage than Fig. Ill, 
the antennae rather lie in front of the mouth, but another circumstance still 
to be described in connection with the formation of the organs indicates that 
the condition here resembles that in Pcnpatiis, and that the ant<Jnnae have 
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here, perhaps, as there, the character of post-oral limbs. The difference in the 
position of the antennae in the two embryos may, perhaps, be explained by 
imagining a change both of the time and the place of their appearance, such as 
is occasionally found in other embryonic rudiments. 

In the embryo of Oeophilus depicted in Fig. Ill, behind the oral aperture, 
two somewhat large prominences {ul) can be seen, resembling a pair of limbs, 



Fio. 112.— Two embryos of Geophihi$t lateral aspect. The gemi-band surrounds a large part 
of the yolk and still shows the dorsal curvature. The two lateral swellings found in the 
embryo at the stage depicted in Bare omitted for the sake of clearness (after Metschnikoff). 
a, anus ; at, antenna ; d, yolk ; lit, cephalic lobe ; nul, mandible ; mx^^ mx,, first and second 
maxillae ; mj?, maxillipedes ; mw, mouth-parts ; p (Pi, j),), legs ; s?, caudal lobe. 

but lying in front of the mandibles. Sooraff calls these structm-es the lower 
lip, but it is not clear whether he actually considers them to be limbs, and to 
what part of the adult he refers them. The mouth -jmrts known to us in the 
Chilopoda only develop behind these, as already seen (Figs. 109-111). Similar 
stnictures met with in the Insecta are not regarded as limbs, but as a lower 

lip. 
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In the middle of the germ-band a shallow furrow appears (Fig. 
109 C) extending from the mouth to the anus, the two apertures 
marking the ends of the furrow (Sograff). This furrow, which 
soon disappears, naturally invites comparison with the long slit-like 
blastopore of Peripaius on account of its corresponding position and 
relation to the mouth and anus (c/. pp. 175 and 222). 

Somewhat later, on each side of the middle line, the rudiments 
of the ganglionic chain appear as thickenings of the ectoderm also 
separated by a median furrow (Fig. Ill, 7ir), This furrow, however, 
must not be confounded with the furrow just mentioned, which 
has disappeared before the formation of the groove now under 
consideration. 

So far the germ-band of Geophilus, with its numerous segments, 
has developed from before backward, and extends with a dorsal 
curvature round the greater part of the yolk-mass (Fig. 112 A), 

The posterior end at a some- 
what later stage grows even 
further up on to the dorsal side, 
so as to approach still more 
nearly the cephalic lobes, as 
may be seen in Fig. 112 B. 
Now, however, a change takes 
place, a transverse ventral fur- 
row appearing in the region 
of the twentieth segment This 
furrow deepens considerably 
(Fig. 1 13), and finally causes the 

Fic. 118.— Eiubryo of Gtophilus ferrvgintus at Clirvature of the embryO to 

r:S^rt"n'tbC't.„'t."'v«2:^ change completely from a do«al 

side (after Sooraff). at, antenna ; d, yolk ; to a Ventral fiexure (Fig. 1 1 4), 

i'^.^elttnf''*"'"'''''''''''''"'"'"'''' This causes the posterior end 

of the body to separate from 
the cephalic lobes, and consequently the dorsal surface, which was 
formerly much shortened, now undergoes extension (Figs. 112 J?,. 
113 and 114). The ventral surface of the posterior half of the 
body now lies exactly opposite to, and parallel with, the anterior 
half (Fig. 114), so that the tips of the extremities of the one half 
touch those of the other, and this flexure of the embryo again leads 
to the approximation of the caudal and cephalic lobes (Fig. 114^ 
Id and si). 

Up to this point the actual embryo, as the germ-band, has remained 
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distinct from the yolk-mass upon which it lay, as is evident from a 
glance at Figs. 109-113. The germ-band now, however, extends 
laterally and grows round the sides of the yolk-mass, so that the 
dorsal surface of the embryo begins to develop, and its segmentation 
commences (Fig. 115). At the same time the two halves of the 
body that lie parallel to one another lengthen, and approach more 
and more the final shape, although still showing the ventral curvature 
(Fig. 115). 

A cuticle was secreted at the surface of the embryo at an earlier 
stage. When the embryo assumed the ventral curve, the cuticle 
did not follow that curvature, but bridged it over, and thus 
remained somewhat separate from the body. In later stages, the 
body, as well as the anterior limbs, is found sheathed in this cuticle. 
The mature embryo is still enveloped in it, and it is only cast off 
after the egg-shell 

(Fig. 115, eh) has ,7 

split as the first lar- 
val integument. In 
the Geqphilus inves- 
tigated by Mbtsch- 
NiKOFF, a tooth is 
found on the cuticle 
covering the second 

maxilla (Figs. 114 ^ 

and 115, ez), this, ac- 
cording to Mbtsch- 
NiKOFP, is used for 
splitting the egg- 
envelope, and is cast 
off with the cuticle. 
We thus have here 
a recurrence of the 
structure known as 
the egg-tooth in the 

Araneae (p. 58). The provisional cuticle in any case corresponds 
to the envelope formed in other Myriopoda at a still earlier stage 
which surrounds the embryo in the same way as do the blastodermic 
cuticle, or the deutovum-membrane of the Acarina (cf. pp. 97 and 234). 

The embryo splits the egg-shell (Fig. 115, eh) at an early stage of 
development It still retains the ventral curvature and is sur- 
rounded by the provisional cuticle. It continues to grow in length 



Fio. lU.— Embryo of Geophilus After completion of the ventral 
flexure. The ventral surface of the anterior part of the body 
is turned towards that of the posterior part, and lies almost 
parallel to it (after MsrscHNiKOrt-). at, antenna ; d, yolk ; 
eh, point at which the germ-hand bends ; ez, egg-tooth (on the 
second maxilla) ; kl, cephalic lobe ; p, legs ; si, caudal lobe. 
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at the expense of the yolk now accumulated in the enteron, this 
growth in length proceeding as before, by the formation of new 
segments from the still undifferentiated caudal lobe (c/. Figs. 112- 
115). The antennae are now distinctly segmented (Fig. 115, a/), 
and the mouth-parts are approaching the adult form, but the other 
limbs are still simple and truncated. At a stage somewhat later 
than that depicted in Fig. 115, when the embryo has thrown off 
the provisional cuticle, Mktschnikoff observed the first movements, 
which consisted of slow extension and flexion of the body. 
Metschnikoff points out that, in these movements, the extremities 
might, better be compared with the ventral cirri of many Annelids 
than with the rapidly moving limbs of the Myriopoda. 



Fio. 116.— Embryo of GeophUva after the splitting of the egg-shell (eh). The ventral curva- 
ture is still retained (after Mbtscbkikofp). a, anus ; at, antenna ; d, yolk ; eh, egg-shell ; 
ec, egg- tooth on the second inaxilla ; g^ brain ; mw, mouth-parts ; p, legs ; «Z, caudal lobe ; 
vd, stomodaeum. 

Throughout the course of development that we have followed, the 
body of the embryo has been cylindrical, and it retains this shape 
for a time after it has hatched. It thus resembles in form a 
Diplopod, until the dorso-ventral flattening of the body character- 
istic of the Chilopoda takes place. At the stage of hatching, when 
the '' larval integument '' is cast, Geoj^hilus is said to possess all its 
limbs, although these are still truncated (Fig. 115) and do not 
enable it to move with freedom. The young Chilopod probably 
passes through several moults before attaining the complete form 
and size of the mother, although when hatched it bears a strong 
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general resemblance to the latter. This is also the case in the 
Scdapendridaef whereas, in the Scutigeridae and the Lithohiidae^ 
the embryos leave the egg with only seven pairs of legs (not taking 
into account the maxillipedes). The number of legs is completed 
daring post-embryonic development. But since the young animals 
in those cases also possess essentially the form of the mother, their 
post-embryonic development, accomplished through several moults, 
is fairly simple. The Chilopoda have been divided according to 
this distinction in the manner of their development into Chilopoda 
epimorpha (Scolopendridae^ Oeqphilidae) and Chilopoda anamorpha 
(Scutigeridae^ Lithobiidae). 

B. Diplopoda. 

The embryos of those Diplopoda whoso ontogeny has as yet been 
investigated (Pdyxenus, Glomeris, Polydeamus, Strongylosoma, Julua), 
leave the egg-envelope at a stage when only comparatively few 
segments are developed and with only three well-developed pairs 
of legs (Figs. 121 B, p. 235, and 122, p. 237). As contrasted with 
the Chilopoda, which possess a large number of segments when 
hatched, the young Diplopoda are thus comparatively far removed 
from the adult form. They have been distinguished as larvae, but 
it should be pointed out that, in those parts of the body that are 
developed, they already show the organisation of the adult. 

The First Budiment of the Embryo. 
Flexure of the Germ-band. 
Jnlus. The formation of the germ-band and the first rudiment of 
the embryo seem to appear in the same way as in OeophiluSy but the 
germ-band does not in this case extend so far over the egg, and does 
not, therefore, assume a marked dorsal flexure. When the cephalic 
lobes have appeared as rudiments, the stomodaeum lies between 
them and the proctodaeum, almost at the posterior end of the 
germ-band, and when, further, the post-cephalic segments have 
become marked off and show the rudiments of limbs, a transverse 
furrow appears between the sixth and seventh segments and soon 
deepens. This is the same process as that which, in OeophiluSy 
results in the transition from the dorsal to the ventral curvature 
{cf. Fig. 113). Since, however, the germ-band in JvIils is small 
as compared with the mass of the whole egg, the former sinks 
into the yolk during this process (Fig. 116 il). The posterior and 
still undifferentiated portion of the germ-band now lies bent parallel 
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to the anterior portion, the ventral surfaces of the one half turned 
towards that of the other (Fig. 116 ^ and B), 

In the Chilopoda, we were ahle to trace the inward flexure of the 
germ-band to the fact that, during the original dorsal curvature 
of the long germ-band which extends almost entirely round the 
^SS» ^^^ development of the dorsal surface is not possible, and 
consequently the change to the ventral curvature takes place. In 
consequence of the length of the embryo, the latter is obliged to 
assume a bent position within the egg. The germ-band of the 
Diplopoda, however, is short, and the dorsal surface might very 
well develop without the intervention of the ventral flexure. "We 
nevertheless find the formative processes met with in the Chilopoda 
recurring in the Diplopoda, and the conditions which, in the former 



Fio. 116.— Two embryos of Julut Mordetti, illostrating the ventral flexure and the sinking of 
the genn-band into the yolk (after METscHNiKorr). at, antenna ; d, yolk ; kl, cephalic lobe ; 
md, mandible ; p^-Pa, first three pairs of legs ; $1, caudal lobe ; uk, maxilla. 

case, were mechanically necessary for the development of the long 
embryo, are here perhaps rather adapted to the support of the 
embryo. It is also possible that the larger extent of surface thus 
brought into contact with the yolk facilitates the nutrition of the 
embryo. The ventral flexure was thus retained, although its primitive 
significance is lost. These processes are of special interest when 
compared with the sinking of the germ-band into the yolk in 
Peripatus (footnote, p. 216) and in the Insecta, 

In Julus the invagination of the germ-band takes place only after the rudi- 
ments of the antennae, the mouth-parts and three pairs of legs have appeared 
(Fig. 116 ^), but in the Slrmigylosoma, Polydesm^is^ and Polyxenua it occurs at a 
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very early stage, the change from the condition in the Chilopoda, which is 
regarded by us as the primitive condition, having advanced still further than in 
Julus, 

Of these genera, Strongylosoma has been the best investigated, and Metsch- 
NiKOFF has shown that the first indication of the geroi-band appears almost in 
the way that has been described. A transverse furrow, however, seems to appear 
very early, even before a trace of limb-nidiments is visible. The furrow deepens 
as in Oeophilus and Julus (Fig. 117 A), and here also leads to the ventral 
curvature of the germ-band (Fig. 117 B). In Strongylosoma the germ-band 
does not sink in deep, but in Polyxentis it projects somewhat further into the 
yolk. We can also make out from Fig. 117 B, that the whole of the germ-band 
does not sink into the yolk, as the most anterior and posterior parts of it 
(cephalic and caudal ends) still remain on the surface. This seems indicated 
in Jnlus also (Fig. 116). 

Besides the transverse furrow, Metschnikoff also observed a longitudinal 
groove extending 
far forward (and yj 

no doubt back- -'*'• 3* 

ward as well) over 
the germ • band. 
This groove, 

which is here ^j^ • 

somewhat deep, ^" 

corresponds to ck ek 

that described by 
SoGRAFF in Oeo- 
philus as appear- j 
ing in early stages, 

but it seems to be ( _ t 

much more dis- 
tinct in Strongy- pio. 117.— Embryos of Strongylosoma Guerinii (A) and Polyxenus 
losoma than in - lagurus (B), to show the early invagination of the germ-band before 
Oeophilus {p.222), ^^^ appearance of appendages. The dorsal part of the yolk has 

Tl p antennae ^®" omitted. In B the lamination of the germ-band due to the 

J formation of the germ-layers can be seen (after Metschnikoff). 

and mouth- parts ^^ yoit ; gh, egg-shell ; ek, point at which the germ-band (kst) is 

very soon develop flexed, 

on the anterior, 

sunk portion of the germ-band, and the first pair of legs develop posteriorly. 
In this way a stage is reached similar to that attained by the bending of the 
germ-band of Julus when already provided with limb-rudiments. 

The further Development of the Embryo. 

Various factors co-operate to bring about the transformation of 
the ventrally flexed embryo, sunk in the yolk, into the adult form. 
By the growth of the germ-band towards the dorsal surface, and its 
simultaneous extension anteriorly and posteriorly, the yolk is taken 
up into the embryo. The ventral surfaces of the anterior and 
posterior portions of the body, till now approximated, move apart, 
and the whole embryo, the dorsal surface of which has also now 
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developed, lengthens somewhat, so that a stage resembling that 
depicted in Fig. 118 is reached. 
\y The development of the limbs is the next point of importance. 
It is as difficult here, as in the Chilopoda, to ascertain with certaint}' 
the position of the antennae with relation to the mouth. The 
antennae, as in Qeophilus (Figs. 114 and 115), are specially highly 
developed (Fig. 118, at). The mandibles also {md) are very large. 
The rudiments of the maxillae are of special importance. According 
to Mbt8chnikoff*8 observations, which are confirmed by v. Rath, 
they arise out of a pair of limb-rudiments following the mandibles 
(Fig. 116, uk\ and are themselves immediately followed by the 
rudiments of the legs {Pi-p^* 

/s^ cXThe Interpretation of the Mouth-parts of the Myriopoda. 

-C.^^ •>> ' Whereas the Chilopoda have two pairs of maxillae and one pair of maxilli- 

-S^ pedes, the Diplopoda possess only one pair of maxillae, which have united to 

.*\ form a lower lip, the gnathochilarium (Fig. 122, gck^ p. 237), and possess na 

^ maxillipedes. The stnicture of the adult gnathochilarium seems to indicate 

that it has resulted from the fusion of two pairs of maxillae (Fig. 120, 

mxx and ?;ia^), and this view- 
has repeatedly been adopted. 
It is rendered all the more 
probable by the fact that 
ij the Chilopoda have two 

pairs of maxillae (Fig. 119). 
These two would be homo- 
logous with the first maxillae 
and the lower lip of the 
Insecta. Although such 
an assumption seems both 
3 likely and attractive, it 

has not so far been sup- 
ported by ontogeny, accord- 
ing to which, as mentioned 
above, the gnathochilarium 
di t.<-r3 jg derived from one pair 

Fig. Il8.-Embry0 of Polydesinus complanatu* in a late ^^ 1*™^ ^^^y (MktscHNI- 
stage of development. The egg •envelope has been KOFF, No. 11, v. Kath, 
removed (after Mbtschnikoff). a<, antenna; c*, em- No 15). Further investi- 
bryonic cuticle; d. yolk; (/ brain; «d. mandible; ^ion of these points is, 

p,-l»,, first three legs ; $1, caudal lobe ; vk, maxUla. r , , j . V, rm. 

indeed, very desirable. The 

structure of the adult mouth- 
parts, however, seems to lead to a conclusion dii*ectly opposed to the above view 
of the composition of the gnathochilarium out of two pairs of jaws. The 
gnathochilarium of the Diplopoda (Fig. 120), like the first maxillae of the 
Chilopoda (Fig. 119, sfm + vie-\-vii\ is composed of several paired pieces, and 
there is therefore a certain agreement between them. "We may thus perhaps 
conclude that the whole of the gnathochilarium is homologous with the first 
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jMiir of maxillae of the Chilopoda. Another pair of limbs will then have been 
drawn into the formation of the mouth-parts in these forms, and will have 
yielded the second maxillae. That such an inclusion of a pair of legs among 
the mouth-parts is not inadmissible in the Myriopoda is shown by the change of 
the first pair of legs in the Chilopoda into maxillipedes. The second maxillae 
of the Chilopoda themselves do not essentially differ from legs (Fig. 119, pi), 
and the fact that, in the Diplopoda, the first pair of legs may shift to a position 
very near the head (Fig. 122, ft, p. 237), does not seem without significance. 

According to this last view, a comparison of the mouth-parts of the Myriopoda 
with those of the Insecta would suggest that the gnathochilarium of the 
Diplopoda and the first maxilla of the Chilopoda should be homologised only 
with the first maxilla of the Insecta. The second maxilla of the Chilopoda 
and the first pair of legs of the Diplopoda, on the other hand, would correspond 
to the lower lip of the Insecta. The external similarity of the plate-like 
gnathochilarium to the lower lip of many Insects would be explicable not 
through a direct homology between the two structures, but merely through 
the similarity of their functions. 

The mouth-parts are fully developed even during embryonic life, 
and therefore have attained their definite form when the young 
animal hatches (v. Rath, Fig. 122). Three pairs of legs are at first 
developed in the larva (Fig. 121 B), but these do not always appear 
to belong to three consecutive segments. Thus, in the larvae of 
Strangylosoma and Poly- 
de87nu8 (Figs. 121 5, and 
122), the segment coming 
next but one after the 
head carries no limbs; 
in the larva of Julus, ^ 
this is the case with the 
third segment (Newport), 
in keeping with the 
absence of limbs on that 
segment in the adult. 
The third pair of legs 
is followed by the rudi- 

Fio. 119.— The head of Lithcbivs ralidus^ seen from 
ments of several other below (after Latml, from Lano's 7>xt-book of Comp. 

limbs, which, however, i^''^^ a, antenna; m.. outer mi inner blade of 

' ' 'the first pair of maxillae ; pi, palp of the second pair 

vary in number in the of maxillae ; oc, ooelli ; «Jfc. ventral portion of the 

diffprpnt forme; Thp«;P cephalic shield; ««, basal plates of the second 

amerent lorms. i nese ^^„^^ . ,^^ ^^, ^^^ ^, ^^ ^^^^ ^^^^u^ 
limbs are at first truncated 

and are hidden under the integument, only appearing as free legs 
during post-embryonic life. The number of segments has increased 
posteriorly, so that when hatched, the larva usually has from seven 
to nine trunk-segments, but the number of these also seems to vary 
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slightly in different forms. The segmentation is distinguishable not 
merely, as in earlier stages, on the ventral surface, but is now 
continued towards the dorsal side (Fig. 118). When the larva is 
hatched, its whole body is, as a rule, distinctly segmented (Fig. 
121 B)j though variations occur in this respect. 

The embryonic envelope of the Diplopoda (and of the Llyriopoda 
generally*) is a structureless cuticle secreted_ by the s upe rficial 
ectoderm of the embryo. In Julus, its secretion has already 
taken place before the germ-band shows any signs of segmenta- 
tion. This membrane which, in its origin, closely resembles the 
blastodermic cuticle of the Crustacea, forms a sac round the 
embryo and soon separates somewhat from the surface of the latter. 
When the germ-band attains its ventral flexure, a corresponding 
infolding appears in this envelope, which remains somewhat closely 

apposed to the ventral 
**• ml surface. The cuticle is 

retained during the course 
of further development, 
and still surrounds the 
embryo like a sac when 
the latter emerges from 
the egg-shell. The newly- 
hatched embryo of Julus 
in consequence somewhat 
resembles a maggot, as 
is evident from Newport's 
descriptions and figures. 
This larva, surrounded by 
the embryonic envelope, 
is in a lower stage of 
development than other 
newly-hatched Diplopods. 
The head is not distinctly 
marked off from the body, 
nor are the segments fully 
developed, the germ-band not having fully extended over the dorsal 
surface. At this stage the larva is still incapable of movement, and 
may be described as a pupa. Beneath the pnpal integument a 



Fio. 120.— The gnathochilariam of Lysiopettdum cari- 
natum (after O. v. Rath, ftrom Lamo'r Text-book of 
Comp, Anat.). tH«i, base of the outer and inner 
ridges (ni« and mi)\ mx,, the so-called tongue-plate 
which carries anteriorly a toothed blade (m); mx^ and 
TRx,, have been regarded as correapondiDg to a first 
aod second pair of inaxillae. 



* The embryonic integument of the Chilopoda, according to observation 
made on Oeophihis^ shows the same characters as that of the Diplopoda 
(p. 227). 
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second cuticular envelope is said to rise from the body. This 
envelope is secreted after the ventral flexure has taken place 
(Heathcotb). Since the limbs were then developed, it no doubt 
shows outgrowths corresponding to the latter. 

The fact that two cuticular envelopes (besides the later cuticular 
covering of the body) form in Jvliia seems to be evident from 
Metschnikoff*s description, since confirmed by Hbathgote, but 
he does not throw much light on their nature. 

The larva of Juhis passes through a resting stage within the pupal integument, 
and finally reaches the stage at which other Diplopoda leave the egg. The 
embryonic or pupal envelope, which has for some time become quite separated 
from the body, splits, and the larva now for the first time becomes capable of 
free movement. 



ai 




Fio. 121.— Two larval stages of Str<nigylo»oma Guerinii (after METSCHNiKorr, from Balfour's 
Text-book). In A the larva is surrounded by the cuticular envelope which is provided with 
the egg-tooth ; in £ it has shed this envelope, and has entered upon fr-ee life, atf 
antenna, above and posterior to which, in Fig. A^ the egg-tooth can be seen ; 5, 1,, 6, the 
three pairs of legs of the embryo. 

While, in Julus, the secretion of the cuticular embryonic envelope 
takes place specially early, in other forms it occurs later, when the 
limbs have already appeared as rudiments, so that these become 
separately ensheathed by it (Fig. 118, ch). Its character as a larval 
envelope is thus more evident. In Strongylosoma a special larval 
organ appears as a cephalic thickening of this envelope in the form 
of a chitinous cone (Fig. 121 A), According to Metschnikoff, this 
serves for splitting the egg-shell, and may thus be described as an 
egg-tooth, like the corresponding organ in Geophilus, This latter, 
indeed, belongs to a pair of limbs (Figs. 114 and 115, ee), and is 
thus not homologous with the unpaired egg-tooth of the Diplopoda, 
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which, in form and position, more nearly resembles the unpaired 
egg-tooth met with in the Opiliones (p. 33), while the egg-tooth 
of Geopliilus corresponds in jwsition to the paired structure described 
in connection with the Araneae (p. 58). Structures functioning in 
this same way thus occur in the Arthropoda in very different 
positions. 

The egg-tooth is, in any case, cast off later with the larval cuticle. 
In the embryos of . Polydemvus^ which otherwise closely resemble 
those of Strongylosoma, the egg-tooth is wanting (Fig. 118), no doubt 
because the egg-integument in this form is much thinner, and & 
special organ for splitting it is thus rendered unnecessary (Mbtsch- 
nikoff). JtUus also has no egg-tooth. 

The larvae of Polydeemus and Strongylosoma in a similar way 
remain (though for a very short time) in the embryonic envelope 
(Figs. 118 and 121), and are thus also at first incapable of free 
movement. The pupal stage of Polyxenus, on the contrary, could 
not be discovered, and Glomeria also does not seem to pass through 
such a stage (vom Bath). 

It need hardly be pointed out how strongly the blastodermic 
cuticle of the Crustacea, and still more' the deutovum-membrane 
of the Acarina, are recalled by the cuticular integument of the 
Myriopod embryo. The resemblance to the deutovum-membrane 
is increased by the discovery in PolyxentLS of free amoeboid cells, 
like the haemamoebae of the Acarina (Fig. 53, p. 99), outside 
the embryo and between it and the egg-integument (or the cuticle, 
where this is present) (Mktschnikoff). We must, however, regard 
this merely as an analogous condition. 

Post-embryonic Development. 

Stages of post-embryonic development are represented even while 
the embryo is still enclosed within the cuticular envelope, for the 
embryo in many cases leaves the egg surrounded by this integument^ 
and must therefore already be regarded as a larva, and the envelope 
as a larval integument (Fig. 121, p. 235). It has already been 
mentioned that the so-called larva of the Diplopoda, apart from 
the small number of its segments, does not differ greatly in form 
from the adult. The possession of three pairs of legs brings about 
a striking resemblance to an Insect larva; voM Eath points out 
especially its resemblance to the young Podurid. This is of course 
merely an external resemblance, for, in the first place, the homology 
of the cephalic regions of the Insecta and the Myriopoda (in respect 
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of the number of segments utilised in the fonnation of the head) is 
still very doubtful (p. 232), and further, in the latter, one of the 
anterior trunk-segments, usually the second, is, as a rule, devoid of 
extremities (Figs. 121 and 122),^ so that the first three pairs of legs 
are distributed on four segments, whereas the thorax of the Insecta, 
as is well known, consists of three segments, each possessing a pair 
of limbs. 

The transformation of the larva into the adult, the so-called 
anamorphosis of the Diplopoda, has been a frequent subject of 
investigation (Newport, Fabre, Bode, Latzel, vom Rath, and 
others). Variations occur in different forms, but these are not of such 
importance as to require special 
attention from us. The most 
important features of the post- 
embryonic development are the 
addition of new segments and 
the manner in which the double 
segment characteristic of the 
Diplopoda originates. The for- 
mation of new somites always 
takes place between the anal 
segment and that last developed 
(Latzel), and the formation of 
double segments is now proved 
to be due to the fusion of two 
of the originally distinct primi- 
tive segments (Hbathcote). 

As already mentioned, the six- 
limbed lai-va has several other pairs 
of legs as nidiments beneath the 
integument. The number of these 
varies in different forms. The larva 
of Glonieris when hatched, behind 
the three anterior well - developed 
pairs of legs, has five more pairs of 
truncated, freely projecting limbs 
(voM Rath). Thus the Olmneris 
larva, which is said not to pass 
through a pupal stage, corresponds 
in this respect to a stage of development attained by other Diplopoda only 
after several moults. 

The first three pairs of legs in the larva of Polydeamm (Latzel, vom Rath) 

• [In Polydesmus the second trunk-segment is devoid of limbs both in the 
larval and adult condition. ^En.] 




Fio. 122.— Newly-hatched larva of Polydesmus 
compUinaluM (after O. vom Rath, fh>m Lamo's 
Text-book of Comp. Anat.). a, antenna ; an, 
anus ; ^i-bs, the tliree pairs of legs of the 
lan-a ; U, cheeks ; ^, gnathochilariuui ; Ibr, 
labrum ; sd, the stink-glands. 
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stage I. 


7 segments 


II. 


9 „ 


III. 


12 „ 


IV. 


15 „ 


V. 


17 „ 


VI. 


18 „ 


VII. 


19 „ 


VIII. 


20 „ 
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are found on the first, third, and fourth trunk-segments (Fig. 122).* Two trun- 
cated pairs of legs lying below the integument belong to the fifth segment, and 
another pair of the same kind to the sixth segment After ecdysis these limbs 
project freely, and the stage with seven segments and three pairs of legs is 
followed by one with nine segments and six pairs of legs. The next (third) 
stage has twelve segments and ten ( ^ ) or eleven ( $ ) paii*s of legs. The 
sixth segment now has one instead of two pairs, and the seventh segment of 
the female has two pairs, while in the male it carries only one. The copulatory 
limbs of the male which lie on the seventh segment develop only in the adult. 
The further development of segments and limbs is set forth in the following 
table :— 

3 pairs of legs. 
6 

10 „ (^), 11(?). 
16 „ „ 17 „ 
22 „ „ 23 „ 
26 „ „ 27 „ 
28 „ „ 29 „ 
30 „ „ 31 „ 

Sexual maturity is reached in the eighth stage, and is accompanied by the 
development of the copulatory limbs which usually belong to the seventh 
trunk-segment in the Diplopoda. A moult occurs between each stage. 

In the Julidae examined with special care by Newport in this connection, 
the course of development was, on the whole, similar to the above. On both 
the fifth and sixth segments the larva has two tinincated pairs of legs beneath 
the integument, which, after the first moult, appear as well-developed limbs. 
Through later moults each of the following segments also develops two pairs of 
legs, and the number of segments increases from before backward. 

In both the larval and the adult* condition of Strongylosoma, Polydemius, and 
Juhis, one of the four anterior segments is without limbs, this being the second 
segment in the first two genera, while in Jul us it is the third (Figs. 121 ^ and 
122). In Polyocenus this seems not to be the case ; the laiva of this Diplopod 
has at first only five trunk-segments (the anal segment included) and three pairs 
of legs attached to the three anterior segments. In the next stage the number 
of segments is the same, but another pair of legs appears on the fourth segment 
(Bode). This last pair is retained as a single pair when, in the third stage, a 
pair develops on the newly -formed fifth segment, and during tlie moult which 
follows another pair is added on this last segment. Ihiring the eight stages 
passed through by this larva, three other segments, each provided with two pairs 
of legs (the sixth, seventh, and eighth), are added, the ninth segment, however, 
Cannes only one pair of limbs, while the segment lying in front of the anal 
segment is devoid of extremities (Bode, Latzel, vom Rath). It is character- 
istic of the terminal segment in the Diplopoda that no fusion takes place in it, 
and this is also the case with the four anteiior segments (known as the thorax), 
and, apparently, fusion is also absent in the genital segment. 

0. Symphyla and Pauropoda. 

Up to the present time, as far as we know, nothing is known of the embiyonic 
development of these Hyriopoda which, on account of their minute size, are 
♦ [See footnote, p. 237.— Ed.] 
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very difficult to examine. The larvae of PauropuSj like those of the Diplopoda, 
have at first six })airs of limbs (Lubbock, Ryder, Latzel).* The second 
and third pairs of legs are said to belong to one segment or rather double 
segment. The larva has only a few segments, there being only one limbless 
segment besides the anal segment During the first moult two more pairs of 
legs appear, and the larva then develops six, seven, eight, and finally nine pairs. 
Still less is known of the development of Scolopeiidrella, although such 
knowledge would be of great value, seeing that special significance attaches 
to this form. The youngest stage as yet observed had six pairs of legs, but 
it is not impossible that this stage was preceded by others with fewer pairs 
(Latzel). Each of the numerous moults that follow is accompanied by the 
addition of a new pair of legs, until the full number of segments found in 
the sexually mature animal is reached. According to Latzel, the course of 
development of SeolopendrcUa strongly recalls that of the Polyxenidae, 

3. The Formation of the Organs. 

Our knowledge of the fonnation of the organs in the Myriopoda 
is still very incomplete. As far as we know, it appears to take place 
in a somewhat similar way in the Chilopoda and the Diplopoda. 
The statements made on this subject by Metschnikoff in his earlier 
works have been followed by more detailed though not exhaustive 
accounts by Sograff and HEATHC0TE.f 

The Nervous Ssrstem. 
All that we know of the supra-oesophageal ganglion is that it 
has a paired origin in thickenings of the cephalic lobes which finally 
separate from the ectoderm. At the time when the embryo of the 
Julus leaves the egg-shell, therefore long after the rudiment of the 
brain has appeared, two pit-like depressions can be seen in the 
cephalic lobes, resembling those met with in PetHpatus^ the Insecta 
and the Arachnida {cf. Figs. 93, 94 C, 28 B, and 109 C). These 
depressions are at first shallow, but deepen later, and sink into the 
rudiment of the supra-oesophageal ganglion, the cells forming the 
floors of the pits seeming to fuse with the cell-material of this latter. 
The apertures of the pits narrow, and they become closed vesicles 
(Heathcote). This formation of ectodermal vesicles in connection 
with the rudiment of the brain specially recalls the condition of the 
so-called ventral organ in Peripatus (Fig. 96 B^ p. 190). The vesicles 
finally disappear, and their significance has not been definitely 
established, but we may, taking into account the conditions 
prevailing in the Insecta and Arachnida (p. 62), suppose that 

* For more detailed statements on this subject we refer the reader to Latzel's 
work (No. 10, Bd. ii., p. 21), where also the literature relating to it is quoted. 

t [See Heymon*8 more recent work on the Chilopoda, an abstract of which is 
appended to p. 257.— Ed.] 
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they are connected with the formation of the optic ganglion. In 
Pei-ipattiSf indeed, the pits that appear in the head of the embryo 
are said to have another significance (p. 190), and this is perhaps 
the reason why Sograff regards the cephdic pits, which are also 
present in GeophUus (Fig. 169 (7), as an atavistic feature in no way 
connected with the formation of the supra-oesophageal ganglion. 

The ventral cliam of ganglia arises, as in other Arthropods, in 
the form of two strand-like thickenings near the middle line, which 
show swellings (ganglia) corresponding to the different segments of 
the body. The median furrow, which lies between the two strands 
(Fig. Ill, p. 224), must not be confounded with the former extremely 
transitory shallow longitudinal furrow regarded as the blastopore. 
In consequence of the appearance of the two lateral ectodermal 
thickenings this second furrow forms in the same position (Fig. Ill, 
nr). In Geophiltis this furrow attains a considerable depth, since 
the two thickenings on each side of it are large and very near each 
other. It thus appears as if this central area also took part in the 
formation of the chain of ganglia, and ought therefore to be called 
the neural groove. In the Diplopoda, especially in Jidiia, the neural 
groove is less distinct, but here also possesses the same significance, 
since the ganglia which become detached from the ectoderm are con- 
nected by transverse commissures. The middle strand would thus 
yield the transverse commissures. 

After the ganglia have become detached from the ectoderm in Julus (Fig. 126 
A and B), depressions are said to appear in them in sach a way that each 
ganglion is provided with an outwardly directed pit. This pi-ocess, which is 
described by Heatucotb, is difficult to understand because it takes place only 
after the detachment from the ectoderm ; we should otherwise be reminded of 
the ventral organs of Peripatus (p. 189). The pits which, as in the supra- 
oesophageal ganglion, become closed vesicles, soon disap[iear. 

In the Diplopoda, the two series of ganglia at first lie somewhat 
further apart, a fact no doubt connected with the circumcrescence 
of. the yolk by the germ-band ; they then draw nearer each otlier 
until they come into close contact, and fibrous substance appears on 
their dorsal side, a feature already described in Peripatus (p. 192). 

The differentiation of the ganglia takes place from before backward, 
so that in the posterior, and as yet but slightly developed portion 
of the body of the growing embryo or larva, the undifferentiated 
rudiments of the ventral chain of ganglia are found from which new 
ganglia are abstricted anteriorly (Figs. 124 and 125). In the Diplo- 
poda the larger number of body-segments have two pairs of ganglia, 
and are thus shown to be double segments. 



Digitized by 



Google 



THE EYES. 241 

In the anterior part of the ganglionic chain a fusion which takes 
place between several pairs of ganglia leads to the formation of the 
sub-oesophageal ganglion (Fig. 124, itsg), with which a few more 
may unite. 

As far as we know, no light has as yet been thrown by ontogeny on the subject 
of the inclusion of the ganglia of true trunk-segments with the brain. The fact 
that the most posterior section of the brain (the so-called tritocerebrum), forma 
a part of the circum-oesophageal commissure, and may also possess a special 
transverse commissure (as in the Diplopoda and Scutigera, according to St. 
Remy), however, perhaps indicates that the tritocerebrum had an origin similar 
to that of the maxillary ganglia of Peripatus and the antennary ganglia of the 
Crustacea, both of which represent trunk-ganglia secondarily united with the 
brain (p. 193 ; Vol. ii., p. 164). A diagram of the Myriopodan brain would 
closely resemble Fig. 97 (p. 198) of the brain in an embiyo of Peripattis.* 

The Eyes. 

The formation of the eyes has been followed in Julua terrestris, 
a form which possesses a large number of ocelli (about forty) on each 
side of the head. These appear one after the other. The first 
ocellus appears on the fourth day of free larval life, i.e., after the 

8. 



Fio. 128.— Section through a developinR eye of Julus terrestris (after HeathcotbX ch, chitinooa 
covering of the body ; h, ectoderm beneath the lens (lentigen layer) ; Ayp, ectoderm (hypo- 
dermis) ; k, mesodermal capsule ; I, lens ; r, retina. 

larva is freed from the cuticular envelope, and is followed gradually 
by the others until the full number is reached. According to 
Heathcote, the first step in the formation of the eye is an ectodermal 
thickening which arises behind the base of the antenna, and in which 
pigment is deposited. A cavity then forms in the thickened part, 
so that the whole appears as an optic vesicle. As the cavity increases 

* [In Scolopendra, according to Heymgns (No. III.), the protocerebnim con- 
sists of (1) the archicerebrum arising in the clypeus, (2) two pairs of ganglia 
in the primary head-plate, (8) the optic ganglia, (4) a pair of ganglia in the 
antennular segment. The deutocerebrum is derived from the antennary ganglia, 
while the tritocerebrum arises in the limbless segment intercalated between the 
antennal and mandibular segments. This shows that at least one pair of trunk- 
ganglia (two if the antennae are really trunk-appendages) is incorporated in the 
adult brain.— Ed.] 
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the outer wall becomes thinner while the inner wall thickens. The 
whole of the latter yields the retina, and the former secretes the lens. 
According to this author this outer layer has not the significance of a 
vitreous body-layer, but only functions to secrete the lens, and at 
a later stage degenerates (Fig. 123, ^). Between the regularly arranged 
cells of the future retina, Heathgote found smaller cells of irregular 
form resembling amoeboid mesoderm-cells, and he assumes that these 
wander in among the ectodermal retinal elements and function as 
pigment-cells. A layer of mesodermal-cells becomes closely applied 
to the retina, forming a capsule round the optic cup (Fig. 123, k), 

Hbathcote's account of the rise of the Myriopodan eye does not sufficiently 
explain either its manner of development, or the relation of the ontogenetic stages 
to the adult eye. It is specially important to ascertain the significance of the 
outer layer of cells lying beneath the lens (Fig. 128, h) in the adult eye, or at 
least to prove its presence. A species of Julus examined by Grknacher has a 
onilaminar Imsin-shaped eye, devoid of the vitreous layer. Other Myriopoda, 
especially Chilopoda as it appears, have the vitreous body, and thus have 
bilaminar eyes. These eyes thus differ somewhat from ocelli of the simplest kind 
such as occur in other Myriopoda. It would therefore be important to prove r 
whether the rudiment of the eye is actually a closed vesicle, or whether it is not 
rather an ectodermal depression, such as it appears to be still in the adult in the 
case of eyes devoid of the vitreous body. The vitreous body in such cases would 
have to be explained as arising, as in the ocelli of the insect larvae (Fig. 36), 
by the ingrowth of ectoderm from the sides. 

As we have already seen (p. 194), the eyes of Peripatus arise as ectodermal 
depressions, and it seems the simplest explanation if we can trace back the 
basin-shaped eyes of the Myriopoda as well as the ocelli of the Insecta to a 
similar primitive method of development resembling that of the Annelidan 
eyes (p. 69). The Myriopoda, indeed, are of special interest in this connection, 
inasmuch as some of them possess only a few ocelli {Scolopendra^ for example, 
has only four on each side), while a larger number is found in others, leading 
to the formation of so-called crowded ocelli (thirty to forty and more, in Lithobius, 
Julua, Fig. 119, oe), till finally a compound eye results, consisting of numerous 
single eyes (about 200 in Scutigera), and resembling a facet-eye like that of 
Limulus, This may even show a kind of rhabdom-formation without belying 
its relation to the crowded ocelli of other Myriopoda. We thus appear to have, 
in the Myriopodan eyes, the different stages indicated by us as of probable 
occurrence in the phylogeny of the facetted (polymeniscus) eye when we were 
considering the Arachnidan eye (p. 69).* Careful ontogenetic and morphological 
investigation of these points is exceedingly desirable, and would no doubt have 
a successful issue. 

* [Recent investigations on the structure of the eyes of Scolopendra and 
Seuiigera (Nos. I., YIL, XL) entirely confirm this suggestion. The eye of 
Scolopendra consists of a few perfectly distinct ocelli, each of which exhibits 
the stmctura typical of that class of eye, being a simple ectodermal depression 
with lateral vitreous body and numerous retinulae, each with a rhabdom pro- 
jecting into the cavity of the eye, the whole being overlaid by a cuticular lens. 
In Seuiigera, on the other hand, the ocelli are greatly modified by mutual 
pressure until they have almost assumed the character of the ommatidia of a 
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The Traclieae. 

The tracheae develop late. In Oeophilus, the embryo has no 
tracheae when it leaves the egg, and respiration at first takes place 
through the covering of the body, which is still very thin (Sografp). 
In the Diplopoda also, the tracheae appear late, apparently only after 
the embryo has split the chorion, and is lying in its pupal integument. 
In JuluSf there is at this stage, behind the base of each leg, a pit-like 
depression which deepens and forms two diverticula, one of which 
extends into the space beneath the ventral chain of ganglia, while 
the other grows out dorsally. These are the two principal trunks 
proceeding from the tracheal sac, and give rise to the tracheal tubes 
which are lined with a chitinous intima. 

In the Diplopoda, each trunk-segment has two pairs of stigmata, 
«ach leading into a tracheal sac, from which originate bundles of 
«imple tracheal tubes. The tracheal tubes do not branch, nor do 
they anastomose; they thus exhibit a very^grimitive form. The 
presence of two pairs of stigmata on each^egment in the Diplopoda 
is an additional reason for regarding the segments as arising by the 
fusion of two originally distinct somites. 

The tracheae of the Chilopoda are more complicated, as they fonn branches and 
Anastomose. The distribution of the stigmata over the segments is no longer so 
regular, though, as a rule, a single pair open on the pleural membrane of most 
•segments, but in some segments they are wanting. Seuligcra has only a single 
median dorsal stigma on each segment ; in the Symphyla there are only two 
stigmata, which are situated on the head. In this respect the Chilopoda appear 
•as the less primitive forms. 

The Protective Qlands. 

In the Diplopod larva with three pairs of legs, a pair of depressions 
4ippear laterally on the fifth trunk-segment ; these are the foramina 
repugnatoria which lead into flask-shaped ectodermal invaginations 
representing the first pair of stink- or protective glands (Fig. 122, sd). 

As the segments increase in number, more of these glands develop ; 

•each of the double segments contains one pair only, they are never 

found in the anterior single segments (Heathootb, Metschnikoff).* 

-compound eye. The retiuulae have been greatly reduced in number, and each 
has become elongated in the plane of the depression of the original ocellus. 
T\vo sets of these retinulae can be recognised. A lower set^ consisting of three 
cells only, forms an elongate trifoliate stalk to the ocellus, the rhabdoms of 
these three cells being correspondingly elongated and in contact with one 
another. The outer set are more numerous, consisting of twelve cells whose 
rhabdoms are widely separated by the development of a crystalline cone formed 
by the fusion of five to seven cells, which are perhaps the representatives of 
the vitreous body. The whole is covered by a cuticular lens. The eye of 
Scutigera is regarded as intermediate in character between the simple and the 
/acet-eye, and has been termed a pseudo- facetted eye. — Ed.] 

* For the interpretation of these glands we refer the reader to p. 252. 
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The Alimentary CanaL 

In treating of the formation of the alimentary canal, we must keep 
the Chilopoda and the Diplopoda quite distinct from each other. 
The accounts as yet given of the origin of the intestine in the 
Diplopoda, indeed, are by no means detailed, and do not throw 
sufficient light on the remarkable conditions which here appear to 
be presented to us. 

The Enteron. 

Chilopoda. The nutritive yolk upon which the germ-band lies is 
very large in Oeophilus, and the yolk-pyramids are retained for some 
time (Fig. 112 ^, d). In it lie the nuclei, which are assumed to 
liave remained from the first in the yolk. These nuclei become 



Fio. 124.- Sagittal section of an older embr>'o of Gwphilus Jtrrugineus (after Soobaff). 
a, anus ; hg, ventral chain of ganglia ; d, yolk ; dz, yolk-cells ; tct, ectoderm ; ed, procto- 
daeum ; A, heart ; m, mouth ; md, enteron, the development of which is not yet completed, 
the epithelium being still wanting anteriorly ; to«5, mesodenn, partly covering the intestine,, 
partly distributed in the body-cavity; v.ag, supra-, o.sg, sub-oesophageal ganglion; vd, 
stoniodaeum. 

arranged into a regular peripheral layer, and gradually the yolk 
becomes differentiated round each of them to form cell-areas (Fig. 
124). The demarcation of the cells thus arises, and the enteron 
is formed (Sograff). Whether this differentiation takes place in 
one definite direction, i.e., from before backward, cannot be clearly 
made out from Sograff's description, but Fig. 124 plainly indicatea 
a progressive development of the enteron from behind forward. 
The large bulk of the nutritive yolk still remains for some time lying 
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in the enteron, and is only gradually absorbed. It still ftervesvas 
nourishment for the larva, and in Lithohius lasts for fifteen days 
after hatching. 

Diplopoda. Mbtschnikopp was the first to point out an important 
distinction in the formation of the enteron in the two chief divisions 
of the Myriopoda. In the Chilopoda it arises at the periphery of 
the yolk (Fig. 124), and thus surrounds the latter, while in the 
Diplopoda it forms as a tube within the yolk which thus comes to 
lie outside the gut (Fig. 125). In the Diplopoda also the enteron 
arises from the cells contained in the yolk, whose origin is as little 
known here as in the Chilopoda. They collect in a definite region, 
and become arranged so as to form a large tube extending along the 
longitudinal axis of the embryo (Fig. 125, md). This tube, which, 
in the figure taken 
from Hbathcotb's 
drawings, appears as ^ 
a solid strand, lies, 
according to the *•- 
unanimous accounts 
of Metsohnikoff 
and Heathcote, 
within the yolk- i 

mass, from which the *'• *. ««• 

first -named of these Fio. 125.— Longitudinal gection through an embryo of JiiZiu 

., , , , terrestrU on the tenth day ol development (after Heath- 

authors was able to cote), a, anus ; hg, ventral chain of ganglia ; c. cuticular 

remove it entire. envelope of the embryo ; d, yolk ; dz, yolk-cells ; W, cephalic 

_, ,,.,-,* lobe; m, mouth; md, enteron; mes, mesoderm; «Z, caudal 

The yolk itself thus lobc. 
comes to lie in the 

primary body -cavity, which it completely fills, penetrating, for 
example, into the spaces left on the separation of the ganglion- 
rudiments from the ectoderm (Fig. 126-4 and B), and even appar- 
ently (Heathcx)Te) pressing in between the mesoderm -layer and 
the ectoderm (Fig. 126). / The chain of ganglia thus lies within the 
yolk-mass, and the same is the case with the stomodaeum and proc- 
todaeum, as is evident from Figs. 125 and 126 B. In later stages 
the yolk is taken up into the spaces of the pseudocode, and there 
gradually absorbed (p. 250). 

The presence of yolk in the primary body-cavity has already been mentioned 
in connection with Moina and Mysia (Vol. ii., p. 177), although in these cases it 
takes place somewhat diflFerently. It may also occur, tliough on a mach smaller 
scale, in the Insecta, as will be described later. 
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The difference in the formation of the enteron in the Chilopoda and in tl^ 
Diplopoda is vei-y striking, and can best be seen by a comparison of Figs. 124 
and 126. While its formation in the Chilopoda^recalls the conditions found 
prevailing in the Arachnida, in the Diplopoda its origin may be compared with 
certain phenomena in the Crustacea, in which the epithelium also at first lies- 

within the yolk until this- 
(X; latter filters through into 

■•^ the rudiment of the intes- 

tine. Before these points 
can be judged with any 
certainty, further details 
as to the later relationa 
of the enteron to the 
nutritive yolk must be 
ascertained. For the pre- 
sent the whole subject is. 
obscure. 



^. 



*§■ 
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Fio. 126.— Transverse sections through embryos of JuI%lb UT' 
rtstris (somewhat diagraiiimatic, after Heathcote). A, the 
ventral part of a transverse section through an embryo on 
the eleventh day. B, complete transverse section of an 
embryo on the twelfth day. Both sections are made through 
the posterior region of the bo<ly. 6^, ventral ganglia ; d, 
yolk ; ds, yolk-cells ; «d, proctodaeum ; ect, ectoderm ; ex, 
rudiments of limbs ; m.g, Malpighian vessels ; p.lh, primary 
body-cavity; «o, somatic, $p, splanchnic layer of the 
mesoderm. 



The Stomodaenin 

and the 

Proctodaeum. 

The formation of the 
oesophagus and the rec> 
tum takes place in some- 
what the same manner 
in the Chilopoda and the 
Diplopoda. Both these 
structures are ectodermal 
invaginations. The sto- 
modaeum arises ventral ly 
between the cephalic 
lobes, the proctodaeum 
also lies ventrally near 
the posterior end (Fig. 
125, m and a). Each 
lengthens, the former 
posteriorly, the latter 
anteriorly, and they 
finally join the enteron, 



with the epithelium of 
which their walls fuse (Figs. 116, 124, 125). As the embryo gi-ows, the anus 
shifts from its former ventral position, and comes to lie further back (Figs. 
110 to 112, pp. 224 and 225, and Fig. 124, a). 

The Malpighian vessels arise as two caecal outgrowths of the proctodaeum. In 
Geophilua these apjiarently form very early (Fig. Ill, m,g)y but in Julus their 
rudiments appear only at the time of hatching (i.e., when the egg-shell splits, 
on the twelfth day of development). 

' The Mesodermal Structures. 

In Jvlus the mesoderm first appears as an inwardly projecting keel- 
sha^xid thickening of the blastoderm (Fig. 108, Hbathoqtk), whereas^ 
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THE MESODERMAL STRUCTURES. 247 

in Geophilus, a unilaminar plate of cells extends as a thickening 
along the ventral side (Sografp). This rudiment of the mesodenn 
is said to arise not only by the increase of the blastoderm-cells, but 
to a great extent also from cells 






which remained in the yolk, ^\^S' , 

and now wander to the ventral ' ' 

surface. At first the mesoderm 
consists of a continuous layer of ^n^;'' 
cells, but it soon becomes divided 

along the middle line into two I 

mesoderm-bands. These become 
divided up transversely into con- 
secutive thickenings correspond- ^ ^» 
ing to the future segments, the 

mesoderm connecting these thick- ^^ufr. Uj. 

enings being very slight. The no. m.-Transvcrse section through a r?«>- 

formation of cavities then takes philu$ embryo, the gerai-band of which is 

1 • i.i_ xT_* 1 • 1-1.1- rolled round the yolk. Above, the anterior, 

place m the thickenings by the and below, the posterior part of the genn- 

separation of the cells from one ^°d ^» «"* through (after sogbaff). at, 

VI • • antenna ; bg, ventral chain of ganglia ; d, 

another (HbATHCOTE) ; the pnmi- yolk ; dx, yolk-cells ; h.^ul, cavities of the 

tive segments are thus formed p^™»^'^« ^^ments extending into the 

o ^ ^ limbs ; vies, somatic mesoderm (outer wall 

and the somatic and splanchnic of the primitive segments); o.sg, supra- 

layers of the mesoderm appear. oesophag^i ganglion ; vd, -tomodwam. 

SooRAFr believes that the two mesoderm-bands arise in the way which has 
repeatedly been described in connection with the Insecta. He assumes that the 
unilaminar cell-plate, which in Geophilus lies below the ventral ectoderm, bends 
round doraally at its lateral edge, and grows towards the middle line. In this 
way two contiguous layers are formed, and through their shifting apart the 
secondary body-cavity arises. Kowalbvsky has made a similar statement in 
connection with Hydrophihis^ but this has not been confirmed by more recent 
observers. A somewhat similar account is given by Heymons for Phyllodramia. 
The cells distributed in the yolk also, according to Sooraff, take part in the 
formation of the splanchnic layer by shifting to its periphery. 

The primitive segments that appear correspond in number to the 
future body-segments, and it is an important fact that for each of 
the segments hearing two pairs of legs in the LHplopoda^ two pairs 
of primitive segments form^ so that these segments are thus again 
proved to be double segments (Hbathcotb). The statement that 
the primitive segments extend into the limbs and cause these latter 
to appear hollmo (Fig. 127, h.u8) seems to be universally applicable 
among the Myriopoda. This feature recalls Peripatus^ and a further 
resemblance to this latter form is found in the fact that even each 
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of the antennae contains a large diverticulum of a segmental cavity 
(Fig. 127, h,u3 and at). The conclusions on this point in connection 
with Peripatus (p. 186) would therefore also apply to the Myriopoda. 
In any case the diverticula of the segmental cavities that extend into 
the limbs seem to be a primitive condition which is lost later, and, 
among the Insecta, is only retained in the lower forms (e.g., Orthop-. 
tera, Grabbr, Cholodkowsky, Heymons, etc.). 

The Body-cavity, the Blood-va.sculax System, the 
Tat-body, and the Musculature. 

The stage in which the mesoderm is represented by two rows of 
consecutive primitive segments does not last long. According to 
Hbathoote each primitive segment divides into two vesicles, one of 
which remains in the body (somatic part of the coelom), while the 
other lies in the limb (pedal or crural part of the coelom), a condition 
which may be compared with the similar distribution of the primitive 
segments in Peripatus. 

There are certain difTerences in detail in the further development of these 
two parts of the primitive segments in Peripatus and in the Myriopoda, but 
this subject, in spite of Heathcote's observations, is still somewhat obscure," 
and a more detailed study of it is very desirable. 

In tracing the development of the primitive segments from before 
backward, we find that the first segment, the pedal section of which, 
lies in the antennae, is used chiefly for the formation of the antennal 
musculature and for the musculature of the head generally. The 
primitive segments of the mandibles are in the same way concerned 
in the formation of musculature, but those of the maxillary segment 
have, according to Hbathcotb, another significance (formation of 
the salivary glands), which will be discussed below. 

From the first trunk-segment onward, the two sections of the 
coelom show throughout a difference in their ultimate development. 
While the pedal coelomic sacs are used for the development of the 
leg-musculature and lose their sac-like form, the somatic parts, in 
the Diplopoda, shift towards the middle line and come to lie above 
the ventral chain of ganglia and here later fuse with one another. 
They thus differ from the corresponding parts in Peripatus, which 
shift dorsally and come into contact above the intestine (p. 208 and 
Fig. 102, p. 205). Here, however, as there, they form the genital 
glands, and since, in the Chilopoda, these lie dorsally to the intes- 
tine, we might expect in these forms greater agreement with the 
arrangement in Peripatus than is found in the Diplopoda. 
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During the diflferentiation of the two sections of the primitive 
segments just described, connected layers of cells seem to be formed, 
and these become arranged above the chain of ganglia and round 
the intestine (Fig. 126, $o and 8p\ at least Heathgotb mentions a 
covering of these parts which he designates (though not quite 
correctly) as the somatic and the splanchnic mesoderm. The actual 
body-cavity is a pseudocode, and its condition is thus quite peculiar, 
since, as already shown (p. 245), the largest part of the yolk lies 
outside of the enteron and consequently in the body-cavity (Figs. 
125 and 126 B, pp. 245 and 246). Cells still remain in the yolk, 
and these have been considered as of great importance in the 
development of the blood-vascular system as well as the fat-body 
and the connective tissue (Sograff, Heathcote). 

As has already been mentioned, the cell-material derived from the primitive 
segments co-operates in the formation of the tissues bounding the body-cavity 
and especially of the musculature. It is evident, from Fig. 126 A and B, that 
a layer of mesodemi-cells {so) becomes closely applied at first to the ventral 
ectoderm and to the ganglionic chain, but later thi^ layer becomes detached 
from the outer layer ; both it and the nerve-cord shift into the yolk. During 
these processes, which are not yet satisfactorily worked out, small jjarticles 
of yolk seem in some way to press in between these parts and the ectoderm 
(Fig. 126 A and B, d). On the other hand, it no doubt results that the meso- 
dermal elements derived from the primitive segments also become distributed 
in the yolk, and consequently tlie organs which develop here are not to be 
derived solely from the cell-elements which remained in the yolk. 

In the Chilopoda, the enteric epitheliimi forms at the periphery of the yolk, 
which thus comes to lie within the intestine. We should be inclined to believe 
that in this case the mesodermal tissue would be derivable from the primitive 
segments, and yet Sooraff assumes that in the lateral parts of the embryo, 
as well as on the bivck, to which the primitive segments have not extended, 
a parenchymatous tissue consisting of star-like cells appears derived from the 
cells which remained in the yolk.* These were said before to take part in 
the formation of the splanchnic layer (which arose princijially by the bending 
over of the cell-plate first present) by shifting from the yolk to the periphery. 
In the same way we must assiune, according to Sooraff, that wandering cells 
come out of the yolk later, though before the enteric epithelium has formed, 
to yield the parenchymatous tissue. From this latter the connective tissue 
of the body-cavity, the fat-l>ody, and the blood-corpuscles are said to be derived. 

In the Diplopoda, the connective tissue of the body-cavity, the I 
fat-body, and the blood-corpuscles arise from the cells already lying 
with the yolk in the body-cavity. The yolk-mass in this last case 
becomes more and more interpenetrated with cells; the yolk itself 
seems to remain in the cavities of the pseudocode, and here to be 

* We l)elieve that the above is a correct reproduction of Soo raff's view, 
although it is diflUcult to obtain from his Russian treatise a com2)lcte conception 
of these somewhat complicated formative processes. 
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gradually absorbed. It can still be traced in the cellular network 
in the form of somewhat large structures resembling oil drops, which 
represent the fat-body of the larva. With the gradual absorption 
of the yolk and the simultaneous further development of the meso- 
dermal elements, the primary body-cavity of the Diplopoda (Figs. 
125 and 126 5), formerly filled with the compact mass of yolk, 
passes at first into a pseudocoele formed of a cellular network, and 
finally into the definitive body-cavity. 

The formation of the body-cavity in the Diplopoda seems to resemble that 
in Moina. In this form also the food-yolk lies in the primary Inxiy-cavity 
(Vol. ii., p. 177). Cells which become detached from the mesoderm -bands are 
disseminated through it, and consequently these must indisputably be con- 
sidered as tnie mesodenn-colls. These cells later also assist in the formation 
of the blood-tissue. A similar fate is probably reserved for Uic yolk-particles 
remaining in the pseudocode of the Muscidac, 

The formation of the heart in the Diplopoda is said also to be 

traceable to the 
cells contained in 
the yolk (?). These 
become arranged in 
the pseudocoele to 
form a dorsal tube, 
which at first is in- 
completely closed^ 
but later becomes 
a. moL, JfU complete. Regu- 
larly-placed paired 
apertures that are 
retained in this 
tube represent the 
ostia. In each 
double segment of 
the Diplopoda two 
pairs of ostia de- 
velop. In the same 
way, each double 
segment possesses 
two pairs of arte- 
ries, which leave 
the heart ventrally 
and run direct into 
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tus. 



Fio. 128.— Portions of tranaverse sections through older em- 
bryos of Gtophilus ferrugineus (after Sooraff). The sections 
are made through the posterior part of the body. (/, yolk- 
mass with yolk -cells ; dm, dorsal muscles ; fk, the fat-body ; 
/, alary muscles of the heart; g, rudiineiit of the genital 
glands; fc, the paired rudiment of the heart; m, musculature; 
md, enteron; me$, mesodermal covering of the intestine; 
mp, Malpighian vessels. 
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the cavities of the pseudocoele. Ventrally to the heart a peri- 
cardial septum forms, which has the same origin as the heart itself 
(Heathcotb). 

According to Sograff, the heart of Geophiltis arises from a series 
of paired cell-accumulations lying on the already formed intestine 
(Fig. 128 A), When it is said that these belong to the splanchnic 
layer, the splanchnic layer proper of the primitive segment can 
hardly be intended, but rather one of the coverings of the intestine 
derived from the parenchymatous tissue. This is the sense in which 
Heathcotb also speaks of a splanchnic and a somatic layer (Fig. 
126, sp and so). In the cell -accumulations, each pair of which 
corresponds to one of the chambers of the adult heart and to a 
body-segment, cavities appear (Fig. 128 B). The two sacs belonging 
to each pair fuse together, uniting in the middle line, and thus form 
a chamber of the heart, and the consecutive chambers, uniting 
together, form the whole dorsal vessel (Fig. 124). The heart in 
its development closely resembles the dorsal vessel of the Annelida 
which is derived from paired rudiments (Vol i., p. 291), and, if 
this account of its origin prove correct, the Chilopoda would appear 
to show in this respect a still more primitive condition than is found 
even in Peripaiits. 

The body-musculature arises out of the mesodermal elements which ; 
become applied to the ectodermal body-wall, but, as we said before, 
nothing certain is known of the derivation of these elements. 

The Salivary Glands. 

Although one cannot but be predisposed to homologise the salivary 
glands of the Myriopoda with those of the Insecta, and therefore to 
regard them as ectodermal structures, we are compelled by Heath- 
cote's statements to consider them as mesodermal. The salivary 
glands are said by him to be formed as tubular outgrowths of the 
somatic portion of the primitive somite of the maxillary segment, 
I.e., the inner division of the primitive segment (p. 248). When the 
tube has grown to some length it opens externally by fusing with the 
ectoderm on each side at the base of the maxillary plate. 

Should the origin of the saJiyary glands out of the mesoderm actually be con- 
firmed, we should have to regard them as transformed nephridia, whereas the 
salivary glands of the Insecta, in consequence of their ectodermal origin, must 
no doubt be considered as crural glands. The salivary glands of the Myriopoda 
would then be formed in the same way as those of Peripatus (p. 206), although 
in the latter it is the lateral not the inner portion of the primitive segment that 
' gives rise to them. The question as to the direct homology of the salivary 
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glandM ill the Myiiopoda and Peripaius, is identified with that of the homology 
of the mouth-parts in the two groups. These glands, in Peripatus, belong to 
the segment of the oral papillae, and the question of the co-relation of these 
appendages to the mouth -i)art8 of the M^Tiopoda will be discussed at the end 
of this volume. 

In itself, the origin of the salivary glands out of the mesoderm does not ax>pear 
to us very probable. The Myriopoda, moreover, possess several pairs of these 
glands (Herbst, No. 9) occurring in the individual cephalic segments, just as 
the pairs of salivary glands in the Insecta are distributed on the segments of the 
mandibles, the maxillae and the lower lip. Nothing appears more likely than 
that the stnictures in the Insecta and in the Myriopoda are homologous. It is 
indeed possible that, as in Peripatus, glands of mesodermal origin may occur 
side by side with those of ectodermal origin. It would therefore be of primary 
importance to establish accurately the manner of development of these glands. 

If the salivary or cephalic glands (Herbst applies these two names indiffei*ently 
to them since spinning glands also are found among them) are of ectodeimal 
nature, they would have to be regaixled as crural glands. Such glands (probably 
ectodermal) are also often found on the trunk in the Myriopoda, and have been 
compared to the crural glands of Perij^cUuSt and further, to the parapodial glands 
of the Annelida. In the Myriopoda these glands vary greatly in character. 
They ai-e described in detail by £i8iG (No. 2), who is disposed to regard the 
protective glands which were described above, according to the accounts of 
MET8CHNIK0FF and Heathcote, as ectodermal, as transformed nephridia. 

The (Genital Organs. 

The little that is as yet known as to the formation of the genital 
organs relates to the genital glands of the Diplopoda. These, as 
in Peripatus, proceed from the somatic or inner part of the primitive 
segments, which, however, is not, as in Peripatus, shifted towards 
the dorsal side, but remains in a ventral position. A large number 
of primitive segments is used in the formation of the genital glands. 
The somatic part of these segments shifts towards the median line 
and comes to lie above the ventral chain of ganglia. The coelomic 
sacs of the right and left side of each segment come into contact 
in the middle line. About the time when the embryo hatches, the 
two fuse so that a single cavity results, and as the consecutive 
coelomic sacs also unite, a long tube is formed lying between the 
ventral chain of ganglia and the intestine. This is the genital tube. 

We have no altogether reliable accounts of tlic relation of the genital tube 
to the efferent ducts. In Peripatus, the efferent ducts are kno^7n to correspond 
to a pair of nephridia and open out posteriorly. In the Myriopoda, a s])ecial 
interest attaches to this question, because the genital organs in the Chilopoda 
open posteriorly (on the penultimate segment), in the Dijilopoda, on the other 
hand, somewhat far foni^'ard (behind the second pair of legs). We ai-e inclined 
to regard the arrangement in the Chilopoda as the more primitive, and to 
assume a secondary displacement of the efferent ducts in the Diplopoda, a 
l^roccss which can best be explained through the utilisation of another pair 
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of nephridia. A displacement of the genital aperture by the occurrence of 
an additional segment behind this, the penultimate segment, and by the dis- 
appearance of anterior segments seems altogether improbable. 

The position of the genital glands themselves appeai-s to us more priniitiye 
in the Chilopoda than in the Diplopoda, and like that of their efferent ducts, 
more nearly to correspond to the condition in Peripaius. The glands lie 
dorsal ly to the intestine, and in the embiyo appear as two accunmlations of 
cells near the doi-sal vessel (Fig. 128 5, g). Their origin is, unfortunately, 
as yet obscure. 

[An important contribution to the ontogeny of the Chilopoda has recently 
been made by Heymons (No. III. ). This author has entirely reinvestigated the 
development of Scolopendra^ but unfortunately so far has only published a short 
summary of his results. He finds that the egg possesses a central unsegmented 
yolk containing segmentation-nuclei ; some of the latter migrate to the surface 
and form the blastoderm, while othei-s remain within the yolk and give rise to 
some yolk-cells. The yolk-cells also arise as immigrants from all parts of the 
blastoderm, as also do the entoderm-cells. There is no gastrula-groove. The 
body is found to consist of the following segments : — a primary cephalic plate 
and a primary anal piece (telson), between which are found (1) an antennular, 
(2) an antennal, (3) an intercalary, (4) a mandibular, (5, 6) two maxillary, (7) a 
maxillipedal, (8-28) the body-, and (29, 30) the genital segments. The salivary 
glands are purely ectodermal and not modified nephridia. A coelomic cavity 
is present in each segment, cephalic plate and telson excepted, in all thirty 
|)airs. The unpaired gonad and genital duct of the adult are paired in the 
embryo, and arise in connection with the coelom ; as in the Insecta, the ducts 
have ectodermal terminations with accessory glands. For the brain, see foot- 
note, p. 241. Heymons concludes that the Chilopoda show close relationship 
to the Hexapoda and are very remote from the Diplopoda, the Myriopoda not 
forming a natural group. — Ed.] 

General Oonslderations. 

In considering the ontogeny of the Myriopoda, two important 
questions arise — (1) whether the developmental history of the 
Myriopoda testifies to their near relationship to Peripaius^ and (2) 
in what way their ontogeny is related to that of the Insects. Since 
the Myriopoda appear in a certain sense as intermediate forms 
between the Insecta and the Onychophora, these questions naturally 
suggest themselves. It must at once be stated that up to the 
present time the ontogeny of the Myriopoda is too little known 
to enable us to answer these questions in a manner as satisfactory 
as might be desired. 

Even with regard to the first ontogenetic processes in the Myrio- 
podan egg, we must hesitate in instituting a comparison with 
Penpatug. A superficial cleavage accompanied by segmentation of 
the yolk takes place in the eggs of the Myriopoda, and the same 
kind of cleavage has been affirmed of the egg of Peripatiis novae- 
zealandiae, which is rich in yolk (Fig. 76 A, p. 167). The eggs 
of other species of Peripatiis undergo total cleavage as has been 
seen, but this method of cleavage was regarded as probably 
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secondary. Further, it is of interest in this connection that the 
eggs of the lowest Insects (Podura) are also said to undergo total 
cleavage, although we are still without certainty on this point. 

The formation of the germ-layers in the Myriopoda is still too 
little understood for us to draw definite conclusions from it, but 
the external form of the body offers a few points of comparison, 
though these are perhaps not very certain. It was shown that the 
Myriopodan egg undergoes a decided ventral folding at an early stage 
of development, and that this may lead to the sinking of the whole 
germ-band into the yolk (Figs. 113-116, pp. 226-230). This also 
appears to be the case in Peripatas^ judging from the statements 
and drawings of L. Sheldon, and it seems not impossible that these 
developmental processes which occur in the Myriopoda and the 
Insecta are foreshadowed in Peripatus* 

Indications of a low grade of development, and at the same time 
of resemblance to Penpaius, are afforded by the suggestion of 
ventral organs (of head and trunk), the continuation of the primitive 
segments into the extremities, especially into the antennae, the 
condition of the ectodermal (crural) glands and of the salivary 
glands (which perhaps arise from the mesoderm), also by the double 
rudiment of the heart and by the formation of the genital glands; 
but unfortunately our knowledge of the ontogenetic processes in 
these cases is not sufficient to raise conjecture to the level of 
certainty. The adult animal is better understood, and in it the 
constitution of the mouth-parts, the segmentation of the nervous 
system, the structure of the eyes, the presence of the Malpighian 
vessels, as well as the condition of the blood-vascular system and 
the^body-cavity prove without doubt the near relationship of the 
Myriopoda to the Insecta. By far the most striking point of agree- 
ment is afforded by the tracheae, which are constituted exactly like 
those of the Insecta. If we now ascribe great importance to a 
point which was not considered applicable in a comparison with 
the Arachnida, it is because a derivation of the long and fairly 
homonomously segmented Myriopoda from forms like Peripaius 
already provided with tracheae is naturally suggested, while such 
ajderivation of the Arachnida is met with great difficulty, as has 
already been shown more in detail (p. 110). 

In spite of the great agreement existing between the tracheal 
system of the Myriopoda and that of the Insecta in the adult 
stage, one fact in connection with the foimer seems to suggest 
♦ [See footnote, p. 216.— Ed.] 
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the conditioii found in Peripatus, The tracheae in the Myriopoda, 
as in Peripatue, appear very late; they are said to form only 
during post-embryonic life, whereas in the Insecta they appear as 
rudiments in an earlier stage of development. 

At first sight, the occurrence of larval forms provided with com- 
paratively few segments and still fewer pairs of limbs might seem 
to be a fact of great significance, all the more that these closely 
resemble in appearance the young forms of the lowest Insects, viz., 
the Thysanura. This brings us to the question whether the rich 
segmentation of the Myriopodan body represents on the whole a 
primitive condition, or whether it is a secondarily acquired char- 
acter. We might answer that the racial form of the Myriopoda 
was a homonomously segmented form, consisting like Peripafus of a 
large number of segments, or we might, with Haask (No. 5) assume 
that the large number of segments such as are now found in the 
Myriopoda represents a later acquisition by these forms. The con- 
tinuous lengthening of the body has been explained by the manner 
of life of the Myriopoda, which is accompanied by such a develop- 
ment of the body in the same way as in the Serpents among 
Vertebrates. It is interesting to see how this lengthening of the 
body leads to a modification of its morphological characters. In 
those Chilopoda whose bodies consist of many segments, unpaired 
chitinous plates appear in the soft intersegmental ventral integument, 
which in the shorter Chilopoda is only slightly developed, and as 
the length and the number of the segments increase, these become 
broad ventral plates, the unpaired scuta (Haase, No. 6). 

The common primitive form of the Insecta and the Myriopoda 
has repeatedly been sought in some form approaching the Symphyla ; 
but Scolopendrella, to which, on account of its striking resemblance 
to the Thysanura (Figs. 192 and 193), this great significance was 
attached, shows as well as the latter certain peculiarities of organisa- 
tion which prevent it as much as the Thysanura from being 
regarded as a primitive form. We do not indeed doubt that the 
Symphyla as well as the Thysanura are very ancient forms, but 
we would assume a racial form for the Myriopoda with still more 
primitive organisation, the Symphyla being somewhat removed from 
that form and the Thysanura still further. The difierentiation of 
a thorax, which is an important character of the latter, but which 
is merely indicated in the Myriopoda, will be discussed in dealing 
with the Insecta. 

The Diplopoda resemble most insect larvae in leaving the egg 
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at a stage with few segments and with only three well developed 
pairs of legs. The Chilopoda when hatched always have a large 
number of segments and pairs of legs, some even possessing the 
full adult number. We should feel inclined to consider this as 
the more primitive condition, especially as Peripatus also possesses 
the full number of segments when hatched, did not the whole 
organisation make it appear doubtful which of the two divisions, 
the Chilopoda or the Diplopoda, is the more primitive. 

The invagination of the embryo, or ventral flexure of the germ- 
band of the Chilopoda, as well as their further development, seems 
to take place in a primitive way, as it appears to be merely a 
consequence of increase in length, while the early bending of the 
germ-band of the Diplopoda does not admit of such a natural 
explanation, but must rather be regarded as a derived condition. 
On the other hand, the cylindrical form of the Diplopodan body 
seems to represent a more primitive condition, since the Chilopodan 
embryo also is cylindrical and becomes flattened dorso-ventrally only 
after hatching. 

Whereas, in the Chilopoda, each body-segment carries a pair of 
limbs, in the Diplopoda we see every two segments fusing together to 
form one, which is then provided with two pairs of limbs. Ontogeny 
has shown that for every segment of the Diplopoda, two primitive 
segments and two ganglia appear as rudiments; the double nature 
of these segments can thus no longer be questioned. In this we 
certainly have a secondary character in the Diplopoda. The mouth- 
parts of this division, nevertheless, are far simpler than those of the 
Chilopoda, in that the former probably possess only one pair of 
maxillae, while' in the Chilopoda two more pairs of extremities are 
drawn in to assist this pair in the work of mastication. The tracheal 
system is simpler in the Diplopoda and more complicated in the 
Chilopoda, but, on the other hand, a more primitive condition of 
the genital organs is found in the latter, the genital glands first 
appearing dorsally to the intestine (as in Peripatus) and retaining 
this position, while in the Diplopoda they are found ventrally to 
the intestine. In the former^ the genital aperture belongs to the 
penultimate body -segment, whereas, in the latter, it lies near the 
anterior end of the body, between the second and third trunk- 
segments. It can hardly be doubted that the position of the genital 
aperture at the posterior end of the body represents the primitive 
condition, and that in other cases that condition has been modified. 

When it is further added that the Diplopoda appear palaeonto- 
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logically as the older, and the Ghilopoda as the younger forms, it 
only remains to be said that the latter also became separated from 
the racial form early, and each branch, developing further inde- 
pendently, while retaining ancient features, acquired characters 
which, in consequence of their separate development, were not the 
same in the two groups. 

The most important feature in the organisation of the Myriopoda 
is the uniform development of the trunk-segments and the possession 
of limbs on all or nearly all these segments. This feature gives 
the Myriopoda a specially primitive character, and brings them near 
to those other forms which show a homonomous segmentation of 
the body, viz., Peripatus and the Annelida. 

[In the above account the Myriopoda are treated as a natural group, and as 
such they are probably regarded by the majority of zoologists. This, however, 
is not the opinion of those -who have specialised in this group, and a separation 
of the Diptlopoda from the Ghilopoda was suggested as early as 1887 by rococK, 
a view which he afterwards amplified (No. VL ). PococK regards the Ghilopoda 
with the Symphyla as much more nearly related to the Hezapoda than to the 
Diplopoda with the Pauropoda, and he proposes to divide the Tracheata into 
two groups— (1) the Opistnogoneata, including the Hexapoda, Ghilopoda, and 
Symphyla ; and (2) the Progoneata, embracing the Diplopoda and the Pauro- 
poda, the latter, according to Kenyok, being modified Diplopods. He regards 
the Symphyla as standing nearest the ancestral form of the whole group. 
Precisely similar conclusions have been arrived at by Silvestbi (No. IX.), 
who also has made a special study of the Myriopoda. These views have been 
accepted by Ray Lankestbr (No. V.) and others. Kingsley (No. IV.), while 
agreeing that the Mjrriopoda form a purely artificial group and that the Ghilopoda 
are closely related to the Hexapoda, differs from Pocock in concluding that 
the Diplopoda have probably no relation at all to the Ghilopoda. The view 
that these two subdivisions of the Myriopoda are quite distinct from one 
another, or at the most but slightly related, is amply confirmed by the study 
of their ontogeny, as may be seen from the numerous points of difference 
mentioned above. — Ed.] 
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INSECTA. 



Systematic (after Braubb, No. 146) : — 

. Aptebygogenea. 

a. Thysauura {Campodea, Japyx, Jiiachili8f Lepisnia). 

b, Collembola {Podura, Sminthurus), 

. Ptebygooenka. 

a. Dermaptera [Forficida). 

b. Ephemeridae. 

c. Odonata {Libellulidae), 

d. Plecoptera (Perlidac). 

e. Orthoptera genuina {BkUtidae, Phasmidae, MaiUidcUt 

Saltatoria). 
/. Corrodentia {Termiiidae, Psoddae, Mallophaga), 
g. Thysanoptera (Physapoda, Thripa), 
A. Rhynchota. 

i. Neuroptera [Sialidae^ MegalopUra), 

k. Panorpatae. 

l. Trichoptera {Phryganea). 

m. Lepidoptera. 

n. Diptera. 

0. Siphonaptera. 

p, Coleoptera. 

q, Hymenoptera. 



Homomorpha. 



Heteromorpha. 



L Emliryonic Development. 

1. Oviposition and the strncture of the ripe ^gg. 

Most Insects are oviparous, only a few forms bringing forth their 
young alive, e.g,^ the parthenogenetic generations of the Aphidaey 
many Diptera {Sarcox>haga, Tachina^ Oestridae, Pupipara, Cecidomyia 
larvae), the Stylopidaey and a few Coleoptera (many Staphylinidae), 
The eggs when laid are protected from external injuries in many 
different ways, either by being glued to some surface or by being 
deposited in water, below ground, or within the tissues of plants. 
In the last case the laying of the eggs often gives rise to excrescences 
on the plants (galls). Insects whose larvae live as parasites in the 
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body-cavity of other Insects (Ichneunionidae) lay their eggs in the 
body of the future host within which the embryonic and post- 
embryonic development take place. Many Insects surround their 
eggs with a web, others envelop them in a secretion which, in the 
case of eggs laid in water, swells up as a jelly (spawn of the Culicidae 
and Phryganeidae), but in other cases hardens into a firm capsule 
by exposure to the air (so-called egg-case or cocoon of Periplaneta 
and Mantis), etc. 

The eggs of Insects are usually distinguished for their large size. 
They show great variety of form, the most prevalent being an 
elongate oval, the long axis of the egg corresponding with the future 
long axis of the larva. In such eggs a distinction between the 
future dorsal and ventral surfaces is indicated by a difference in 
curvature (Fig. 129, d and v). 

The mature egg is enclosed within two envelopes, an inner vitelline 
Tnembrane (Fig. 129, dh) secreted by the egg itself, and an outer 
chorion (ch) secreted by the epithelium of the ovarian tube. The 
latter occasionally breaks up into two layers, the endochorion and 
the exochorion. The vitelline membrane is usually a homogeneous 
delicate structureless membrane, but the chorion is seldom thus con- 
stituted. In most cases it is ornamented by the presence of a 
network of thickened ridges and markings, which vary greatly in 
the different genera and species. 

The chorion is pierced at one or more points (mieropyles, Fig. 129, 
m) to allow of the passage of the spermatozoa, and the modification 
of the chorion that takes place round these micropyles often results 
in a very complicated micropylar apparatus, round which the vitelline 
membrane appears attached to the chorion (Fig. 129), so that both 
membranes appear perforated at this point. 

In Insect eggs there is always a distinction between an anterior 
and a posterior polo. The anterior pole is that which, in the body 
of the mother, lay directed towards the head, arid thus corresponded 
to the upper end of the ovarian tube. In later stages of embryonic 
development, the head end of the embryo always lies at this pole, 
while the posterior end of the embryo is directed towards the posterior 
pole of the egg. The micropylar apparatus usually lies at the anterior 
pole of the egg. 

A cap of glutinous matter often coTsrs the micropyle-area (Fig. 129, g), and 
may extend as an envelope over the greater part, or even the whole of the egg. 

In the egg itself there is usually a separation of a superficial layer 
consisting of formative protoplasm (Fig. 129, K) from an inner mass 
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composed principally of food-yolk (do). The -periplieral layer of 
protoplasm, the periplasm or perivitellus (" Keimhautblastem " of 
Weismann, Xo. 87), Jias only been found wanting in a few cases^ 

but it is usually quite thin and incon- 
siderable, and, as compared with the 
amount of the • central food-yolk, it' 
might almost be thought to be dis- 
appearing. Only the eggs of certain 
small Insects are found to be com- 
paratively poor in yolk. Some o{ 
these are forms in which the larva 
which emerges from the egg is dis- 
tinguished by its small size (oviparous 
Aphidae), or in which the nourishment 
of the embryo is provided for in some 
oth^r way, either by its development 
within the body of the mother (vivi- 
parous Aphidae), or by the embryo 
passing through its development endo- 
parasitically in the coelomic fluid of 
some other Insect (Ichneumonidae). In 
all these forms the poverty in yolk ha& 
a determining influence on the course 
of embryonic development as will be 
seen later. These modifications are 
probably secondary, and an ovum well 
provided with food-yolk is no doubt 
to be regarded as the primitive type 
of Insect egg. 

The central yolk-mass in the Insect 
egg (do) consists of a fine network 
of formative protoplasm, within the 
meshes of which the numerous particles 
of food-yolk and spherical fat-drops are 
contained. The elements of the food- 
yolk appear as strongly refractive bodies 
which are spherical or polygonally flat- 
tened by mutual pressure, and appar- 
ently structureless and homogeneous. 
The germ-vesicle of the maturing insect egg lies in the central 
part of the yolk, and appears as a large vesicular nucleus provided 



Fio. 129.— Diagrninmatic median sec- 
tion throngh the egg of Mufca at 
the stage of fertilisation (taken 
from drawings by Henking and 
Blochmann). ch, chorion ; d, dor- 
sal side of the egg; dh, vitelline 
membrane ; do, food-yolk ; g, glu- 
tinoas cap over the micropyle; k, 
peripheral protoplasm (periplasm 
or i>erivltelliis) ; m, micropyle ; p, 
male and female pronucleus before 
fusion ; r, polar bodies ; r, ventral 
side of the egg. 
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with a delicate chromatine network. During the process of maturation 
it shifts to the surface of the egg, there a spindle is formed, and the 
nucleus undergoes division. In this way the firsts and afterwards 
the second, polar hody is formed (Bloohmann, No. 5). 

The position of the polar spiAdle varies in the different groups of the Insecta. 
In some (I^eris) it lies directly at the anterior pole of the egg, but in most 
Insects it is formed nearer the middle of the long axis of the egg. Blochmann 
(No. 5) found it in BlaUa in the middle of the dorsal surface, while in Mu9ca it 
occhrs at about one-third to one-fourth of the whole length behind the anterior 
pole on the concave (dorsal) side of the egg (Fig. 129, r). In the Formieidae it 
4IS0 lies laterally, but near the anterior pole, while in the Aphidae it is situated 
at the middle of one of the lateral surfaces of the egg. In Hydrophilus (Heideb) 
' it lies somewhat behind the mid-lateral region. 

2. Cleayage and the Fonnation of the BlastodemL 

The type of cleavage universally prevalent among the InsQcta* is 
the pure superficial type so common among the Arthropoda (Vol. ii., 
(p. 113). The first cleavage-nucleus (produced in the fertilised egg 
by the union of the male and female pronuclei) shifts inward and 
increases by indirect nuclear division (Figs. 131 il and 175 J, B^ 
Cy /). The formation by division of the numerous cleavage-nuclei 
-from the first has only been directly observed in those eggs that 
are poor in yolk (Aphidae^ Cecidomyia, Cympidae), But it can 
hardly be doubted that in the larger yolk-bearing eggs of other 
Insects the numerous cleavage-nuclei which are found distributed 
throughout the egg soon after it has been laid are actually pro- 
duced from the first cleavage-nucleus by nuclear division. These, 
numerous nuclei, with the star-like areas of protoplasm which sur- 
round them, represent the formative elements of the blastoderm. 
TicHOMiROFF has, however, conjectured in the caSe of the egg of 
BombyXy and Henkino (No. 39) has more definitely maintained in 
the case of Musea that these nuclei in their protoplasmic islands 
distributed throughout the yolk-masses have been produced by free 
formation of nuclei. t But this view, appears to us altogether un- 
tenable. It is contradicted by the observations of Bloohmann 
(No. 5), according to which all the cleavage-nuclei in Miisca undergo 

* TJljahin (No. 83) believes that. total and equal cleavage occurs in the 
Toduridae. It appears, however, froni the researcnes of Lemoine that even 
here cleavage is superficial, and the same conclusion is arrived at by Grassi 
(No. 33) from the condition of the food-yolk in the later stages in Japyx. 
[According to Hennsouy* (No. XII.), cleavage \a total in the eggs of Smicra, 
one of the Chalcididae. This is obviously a derived condition, as these are 
parasitic forms and the egg is nourished at the expense of the host — Ed.] 

t [Henking (No. XL) has since modified this statement See also footnote 
p. 167.— Ed.] ■ - 



Digitized by 



Google 



264 



INSECTA. 



division simultaneously (Fig, 

A 




Fio. ISO. — Stages of blastodenn-formation 
in MvKd (Calliphora) vomitoria (after 
Blochmann). The drawing! repreaent parts 
of sections through four eggs. A, the 
nuclei of the cleavage-cells have become 
arranged parallel to the surface of the egg. 
B, the cleavage-cells fuse with the peripheral 
protoplasm. C, the snrface becomes in- 
dented by furrows ; all the nuclei of the 
blasto<1erm-cells are shown in the act of 
division. D, the bla8to<lenn-cells in the 
form of long cylindrical epitheloid cells, 
b, peripheral protoplasm; bz, blastoderm- 
cells ; rf, food-yolk ; dz^ yolk-cells ; /z, so- 
called cleavage -eel Is; t, inner peripheral 
protoplasm. 



130 Cf)y which indicates that they 
represent a generation of descen- 
dants of the first cleavage-nucleus, 
all being of the same age ; and it 
is further disproved by the direct 
observations above mentioned as 
being made on some small eggs. 

According to Wkismann (No 89) 
in KhodiUs and Biorhiza aptera {Cyni- 
pidae) the first cleavage-nucleus divides 
at first into two nuclei which shift 
apart in the direction of the longi- 
tudinal axis of the egg, and, according 
to their positions, are known as the 
anterior and posterior " pole nuclei."* 
While the anterior nucleus remains in- 
active for some time, the posterior, by 
a kind of budding (?), gives rise to 
numerous nuclei, which take part in 
the formation of the blastoderm. The 
anterior nucleus, on the contrary, after 
the completion of the blastoderm, is 
said to produce by division the nuclei 
of the so-called inner germ -cells or 
yolk-cells. 

The process of the formation 
of the blastoderm in larger eggs 
rich in yolk was first followed 
in detail by Bobretzky (No. 6) 
and Graber (No. 149), with the 
help of sections. More recently 
Blochmann (No. 6) has made 
investigations on the Muscidae 
with which the statements of 
Heider (No. 38) concerning Hy- 
drophilus agree. The cleavage- 
nuclei at first lie at the centre of 
the egg, more or less in the longi- 
tudinal axis (Fig. 131 .4). Each 
of these nuclei (/) is surrounded 
by a star-like mass of protoplasm, 
and the whole is therefore not 



* [This term is used only to describe the position of these two fii*st cleavage- 
nuclei in the elongate egg, and has no connection with the nuclei of the polar 
bodies, or witli the "pole-cells," p. 352.— Ed.] 
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unlike a wandering amoeboid cell. Since, however, all these proto- 
plasmic islands are connected by a fine network of processes, the 
whole egg constitutes a syncytium, the yolk being contained in the 
meshes. Nevertheless, although these formative centres are not yet 
distinctly marked oflf they are already called (though inaccurately) 
chavage-cells. 

In later stages these " cleavage- cells " shift somewhat nearer the 
surface of the egg, and become arranged to form a sphere (Fig. 130 il, 
131 B) almost parallel to the latter. In sections of the egg they 
therefore appear arranged as a circle (Fig. 130-4). Gradually, during 
further processes of division, they reach the surface of the egg and 
fuse with the peripheral protoplasm found there (Figs. 130 B and 




Fio. 131.— The formation of the blastoderm in ffydrophilus (after Heider). b, developed blas- 
toderm ; d, food-yolk ; /, so-caUed cleavage-cells ; fc, peripheral protoplasm ; *, yolk-cells. 

131 C). Division into separate cell- territories corresponding to the 
cleavage-nuclei now takes place (Figs. 130 C and 131 D) by the 
appearance of furrows that press in from the surface, and gradually 
traverse the whole of the peripheral protoplasm (Fig. 130 D), 
After the surface of the egg has been covered in this way with an 
epithelium (blastoderm), there follows, in many Insects {Chironomus^ 
Musca, HydrqpJdltts), the separation of the so-called inner peripheral 
protoplasm (Fig. 130 D, t), i.e., of a layer of protoplasm containing 
coarse granules which develops between the blastoderm and the 
central yolk -mass. By taking up this layer of protoplasm, the 
blastoderm -cells increase in height, and now form a cubical or 
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cylindrical epithelium which continuously covers the surface of 
the egg. 

' The point at which the cleavage-cells first reach the surface varies in the 
different groups of Insects. In the Muscidaef according to Gbaber, the formation 
of tlie blastoderm first commences at the posterior pole of the egg, while in Apia 
(Kowalevsky), Pieris (Bobrbtzky, No. 6), and Chironomtis (Weismann, 
No. 89), the first blastoderm -cells were noticed at the anterior pole. In Sydro- 
philus (Heidbr, No. 38) the blastoderm first forms round the middle of the egg 
as a transverse girdle, somewhat nearer the posterior pole of the egg, and develops 
last at the poles. In BlaUa (Wheeler) and Gryllotalpa (Korotneff) the first 
cells forming the blastoderm appear on the future ventral surface. As it is at 
this side that the rudiment of the germ-band arises, the early appearance of the 
blastoderm-cells at this part recalls the premature development of the blastoderm 
often occurring in the Crustacea in the region of the embryonic germ-zone 
(Vol. ii., p. 115). A similar development is found in OeoarUhtLs (A vers, No. 1). 

A method of blastoderm-formation differing somewhat from the 
ahove and more normal type has been observed in some Orthoptera 
{Blatta and Oryllotalpa), As a rule, the ** cleavage-cells " increase 
within the food-yolk so rapidly that when they reach the surface 
of the egg they are closely crowded together, and here at once 
constitute a continuous epithelium, but this is not the case in 
OryUotalpa (Wbismann, Ko. 89, and Korotnbff, No. 47) and 
in Blatta (Wheeler, No. 95). In these forms the first " cleavage- 
cells,'* which are comparatively few in number,* migrate to the 
ventral surface of the egg and there multiply so that separate cell- 
islands are temporarily formed. Only in later stages do the cleavage- 
cells, greatly increased in number by division, become distributed 
equally over the whole surface of the egg. It was maintained by 
Wheeler that, in Blatta, when the amoeboid cleavage-cells had 
reached the surface of the yolk, their nuclei no longer showed 
mitotic division, but here (as well as later in the serosa) multiplied 
by direct or amitotic division. 

The question as to the origin of the so-called yolk-cells or vitello- 
phags is of importance. It has been observed that, as a rule, not 
all the "cleavage-cells" shift to the surface to take part in the 
formation of the blastoderm, but that a few remain behind within 
the yolk (Fig. 130 Z), dz, and 131 C, D, z\ where they increase in 
number, obtain equal distribution throughout the yolk, and become 
the so-called yolk-cells, whose function is to liquefy the mass of 
food-yolk and to bring about its assimilation. The origin of the 
yolk-cells from cleavage-cells which have remained in the yolk has 

♦ [In Blatta they ore numerous, sixty to eighty cells being found scattered 
in the yolk before migration commences. — Ed.] 
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recently been definitely maintained among others by Kowalevsky, 
Bloohmann, F. Schmidt, and Grabbr (No. 28) for Muscidae^ by 
Wheeler for Doryphora, and by Heidbb for HydrophUus, Patten, 
on the contrary, has proved in connection with the egg of a Phry- 
ganid {Neophylax\ and Wheeler in connection with that of Blatta, 
that in these forms all the "cleavage-cells" migrate to the surface 
and take part in the formation of the blastoderm, so that there is 
a stage at which the surface of the egg is covered by the blastoderm, 
while the centre of the egg is devoid of nuclei. In these cases the 
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Fio. 1S2.— Two diagramnuitic sagittal sections through an insect-embryo to illustrate the 
development of the embr>-onic envelopes. In A^ the germ-band (J;, }^) is not completely 
grown over by the amniotic fold. In £, the amniotic folds have united and completely cover 
the germ-band, a, anterior, b. posterior pole of the egg ; v, ventral ; d, dorsal ; aS^ amniotic 
fold ; aA, amniotic cavity ; am^ amnion ; e(o, food-yolk ; ec, ectoderm ; ib, cephalic end of 
the germ-band ; V^ posterior end of the germ-band ; «, part of the serosa derived ftom 
the amniotic fold ; «', part of the serosa derived from the ondifTerentiated bhistoderm ; u, 
lower layer. 

so-called yolk-cells only appear later, single blastoderm-cells wander- 
ing again into the interior. As we shall see later, even in the 
forms first described, a secondary increase of yolk-cells takes place 
by immigration from the blastoderm (or from the germ -band), 
these forms, in which all the cleavage-nuclei reach the surface and 
in which the immigration of the yolk-cells only takes place later, 
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perhaps represent the primitive condition, while in most Insects 
there is a kind of abbreviation of development which causes some 
of the cells to remain within the yolk from the first Gf, in this 
connection the formation of yolk-cells in the Crustacea (Vol. ii., 
p. 144), Arachnida (pp. 43-45), and Myriopoda (p. 221). 

In the case of the Aphidae also, Will (No. 97) has maintained that the yolk- 
cells arise exclusively through the immigration of cells from the blastoderm 
during its formation. 

As a rule, all the blastoderm-cells are at first of the same shape and size. An 
exception is afforded by the eggs of the Diptera, in which the so-called pole- 
cells, to be described later (p. 362), which represent the early differentiation of 
the genital rudiment, present us with elements which for a moment, indeed, 
are incorporated in the blastoderm, but are distinguished by their size and their 
contents from the blastoderm -cells {cf. Fig. 174 C, j?2, p. 358, and Fig. 175 B^ p, 
p. 354). 

3. The Formation of the Emhryonic Budiment and the Embryonic 

Inteffoments. 
A. General view of the Germ-band and the Germ-envelopes. 

The embryonic rudiment in the Insecta, as is often the case in the 
Arthropoda, takes the form of a long band-like thickening, usually 
extending along the ventral side of the egg, this being known as 
the gemi-bandf eiribryonic hand (Fig. 134 E), In most cases the 
boundaries of the future body-segments are already indicated on 
this band by consecutive transverse furrows. A cross section through 
the germ-band of an insect (Fig. 133-5 and C) shows it to be multi- 
laminar. It consists* of an outer layer of cells, the edodeiin (ec), 

* We shall here therefore give the name " germ-band " to the whole embryonic 
rudiment in contradistinction to the transitory portion of the egg, which com- 
prises the food-yolk with its vitellophags and the embryonic envelopes. Such 
a use of the tei-m ** germ-band " is universal in connection with the Arthropoda. 
It should, however, be pointed out that in the Hirudinea (Vol. i., p. 321) this 
term is used in another sense, and only embraces a part of the embryonic 
rudiment. Indeed, the expression "germ-band" is occasionally used as the 
equivalent of "mesoderm-bands." 

t According to the published statements, we must assume that cellular 
embryonic envelopes are not present in the Apterygogenea. They are said to be 
wanting in the Poduridae (Uljanix, No. 83). A cuticular larval integument, 
such as is repeatedly found in other groups of Arthropoda (Arachnida and 
Myriopoda, pp. 9, 68, 97), is said to form in this case. This may be provided 
with prominences to assist in splitting the egg-integuments, and its presence 
has been definitely proved by the observations of Sommek (No. 76) and Lemoine 
(No. 51). Indeed, it appears that the Podurid embryo passes through several 
moults before hatching. From this fact the absence of the amnion might bo 
concluded. Grassi (No. 83) who observed a dorsal organ in Japijx which 
occurs in the same way in the Poduridae^ sees in this a proof of the presence 
of the amnion. Since, however, in the Poduridae^ tiiis organ develops in the 
earliest stages of the formation of the germ-baud, it seems doubtful whether 
we may compare it with the dorsal organs developing by the involution of the 
serosa in the higher Insects (p. 304). We must therefore await further investi- 
gations of these points. (See p. 304, and Heymons, No. XVI). 
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A 

and an inner layer which comprises •'*• 

the emioderm and the me8odef77i, 
and as long as these two germ- 
layers are not sharply distinguished 
one from the other, this is known 
as the inner or lower layer (m). 

It is characteristic of the Insecta, 
but only rarely occurs in other 
Arthropoda (e.^., in the Scorpiones, 
Fig. 3, p. 5), that the germ-band 
does not remain freely exposed on 
the surface of the egg, but is grown 
over by an amniotic fold rising 
from its edges (Figs. 132 Ay af^ 
and 133 By a/), so that the former 
appears somewhat sunk below the 
ventral surface. As the amniotic 
fold extends from all sides over 
the germ-band, a cavity is enclosed 
between the two. This is the 
amniotic cavity (a/i), which, when 
the amniotic folds have completely 
covered the germ-band and have 
united over it, appears as an en- 
tirely closed cavity (Figs. 132 J5 and 
133 C). (See footnote t, p. 268.) 

The germ-band, after its develop- 
ment, thus appears covered by a 
double cellular envelope derived 
from the amniotic fold. The outer 
of these two envelopes is distin- 
guished as the serosa (s). This 
passes without any break of con- 
tinuity into that undifferentiated 
portion of the blastoderm which 
takes no part in the formation of 
the germ-band (Fig. 132, «), and 

Fio. 188.— Transverse sections through three consecutiye stages in the formation of the 
genn-band and the embryonic envelopes of an insect-embryo. A, formation of the ventral 
plate (pp) and the gastrula-invagi nation (p). B, rise of the amniotic fold (a/). C, complete 
overgrowth of the genn-band by the amniotic folds, v, ventral, d, dorsal sur&ce : a/, amniotic 
fold; ah, amniotic cavity; am^ amnion ; hi, blastoderm; bp, ventral plate; do, food-yolk; 
ec, ectoderm ; ^, gastnila-invagination ; «, serosa ; u, lower layer. 
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which covers the surface of the food-yolk. This part of the blasto- 
derm, after the completion of the envelopes, is usually reckoned as 
part of the serosa, so that in this sense we can say that the serosa 
forms a closed sac covering the whole surface of the egg (Fig. 
133 (7, «), one part of it enveloping the surface of the food-yolk 
and the other that of the germ-band.* 

The inner of the two envelopes covering the germ-band which was 
derived from the inner layer of the amniotic fold is known as the 
amnion (Figs. 132 and 133, am). This, at the edges of the germ- 
band, is continued into the ectoderm of the latter, the transition being 
in most cases quite gradual. The amnion and the ectoderm (ec) of 
the germ-band thus together form an epithelial sac closed on all sides, 
the lumen of which is represented by the amniotic cavity. 

^ B i? n E 



Fio. 134.— Ventral aspect of five stages in the development of Hydrophilus (after Heider, 
from La.no'8 Text-book). The anterior end la directed upwards, a and b, points at which 
the blastopore closes ; a/, edge of the amnion-fold ; a/\ caadal fold ; aj", paired cephalic 
fold of the amnion ; an, antenna ; ef, terminal segment ; g, pit-like invagination (rudiment 
of the amniotic cavity) ; k, cephalic lobes ; r, groove-like invagination ; «, part of the 
germ-band covered by the amnion. 

The origin of the geiin-hand is to be sought in a thickening of 
the blastoderm on the ventral side of the egg (Fig. 133 -4, hp). 
While, as was mentioned above (p. 268), the blastodermic cells 
originally exhibited the same shape and size over the whole surface 
of the egg, they soon become differentiated in such a way that the 
cells of the dorsal side flatten to form a thin pavement epithelium, 

* The fact that Graber (No. 27) observed in Melolontha the secretion of 
a cuticle from the outer surface of the serosa, after the completion of the 
development of the embryonic envelopes, deserves mention. A certain parallel 
may perhaps exist between this process and the development of the blastodermic 
cuticle in tne Crustacea and other Arthropoda. 
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while the cells belonging to the ventral side, owing to their more 
rapid division, become crowded close together, assume a prismatic 
form, and thus constitute a columnar epithelium. The ventral 
thickening of the blastoderm that has thus arisen, and which, in its 
extent, represents the first rudiment of the germ-band, was named 
by Balfour the verUrcU plate (Fig. 133 A, bp). The invagination 
of that part of the ventral plate which lies in the median line (g) 
gives rise to the formation of the lower layer. This invagination, 
which at a certain stage represents a groove running along the median 
line for the whole length of the germ-band (Fig. 134-4 and -D), must 
be regarded as the gastrula-invagination of the Insecta (for details, 
see pp. 309 et seq.). The lower layer yielded by it (Fig. 133, 
B and 0, u) then extends beneath the whole of the ventral plate up 
to the edges of the amniotic fold (Figs. 133 ^ and 134 C). 

It should be mentioned that the ventral plate from its commencement is not 
in all cases a uniform structure, but sometimes proceeds from several distinct 
rudiments. Thus it has been pointed out by F. Schmidt, in connection with 
Muscat and by Hbider in connection with Hydropkihis^ that the anterior and 
posterior ends of the germ-band appear first, the middle part only developing 
later. Another originally independent element of the germ-band is afforded in 
Hydrophilus by the rudiments of the cephalic lobes (Fig. 134 A, k\ the inde- 
pendent origin of which was also observed by Will (No. 97) in the Aphidae. 
These originally distinct formative centres only secondarily unite to form the 
common rudiment of the germ-band. 

The lateral delimitation of the germ-band seems determined by the rise of the 
amniotic fold, and since, when the amnion is complete, it consists of somewhat 
columnar cells and, even at later stages, owing to its histological character, 
more nearly resembles the ectoderm of the germ-band than the serosa, some 
investigators have assumed a closer connection between the amnion and the 
germ-band. Will regards the amnion directly as a part of the germ-band, and 
Orabbr (No. 30) also derives the amnion from the thickened epithelium of the 
ventral plate. 

We have used the term '* germ-band" in the usual manner, understanding by 
it the segmented and already multilaminar embryonic rudiment (consisting of 
the ectoderm and the lower layer). It is, however, certain that this term may 
also be applied in a wider sense, as Grabeb (No. 30) has recently insisted, to 
the embryonic rudiment of earlier stages, in which segmentation and the forma- 
tion of the germ-layers has not yet commenced, presupposing that the embryonic 
rudiment as such is distinctly marked off from the rest of the egg. 

From the time of its origin onwards, the germ-band grows con- 
tinually in length (Fig. 134 ^1 to I^, and in many cases extends in 
such a way that it no longer covers only the ventral side of the egg, 
but its anterior and posterior ends bend round to the dorsal side 
of the egg. This extension of the germ-band to the dorsal side may, 
in some cases {Phryganeidae, Chironomtis)^ go so far that the anterior 
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and posterior ends almost c6m^ into contact (Fig. 141, p. 283). The 
genn-band thus appears at these early stages, t.e., roughly speaking, 
during the first half of its embryonic development, dorsally flexed. 
In the later stages, in consequence of the development of organs, and 
the more com])licated shape thus brought about, the band shortens 
by contraction, so that finally the oral aperture comes to lie at the 
anterior pole of the egg^ and the anal aperture near the posterior 
pole (Fig. 143, vi and an). These positions of the apertures are very 
typical of Insect embryos at later iJtages. The embryonic rudiment 
now no longer appears curved dorsally, but is straight. Indeed, 
curvature in an opposite direction often takes place, the most posterior 
segment of the embryo appearing ventrally curved {Phryganeidae^ 
Lepidoptera, Hydrophilus, Blattaj etc., Fig. 142 (7, p. 285, and Fig. 
143 B, p. 286). 

Graber (No. 80) has recently pointed out that the Insects may be divided 
into two groups, according to the extension and the increase in the length of 
the germ -band. In the first group the conditions of growth of the embryo 
described above prevail, while, in the other forms {e.g,, BkUta, StenobMrus) the 
embryonic nidiinent from the very first extends over only a quite short area of 
the periphery of the egg, and during the whole of the later development never 
grog's in the same way as forms belonging to the first group. In forms in which 
the germ -baud is short, the dorsal curvature is naturally not noticeable in the 
earlier stages, and the germ-band appeara to be straight. The growth of the 
embryonic rudijnent in length also progresses more equally during the whole 
development. Shortening is not pei-ceptible in the later stages. Insects might 
therefore be divided into two groups as having, on the one hand, germ -bands 
wliich are long at first and shorten later, and, on the other hand, germ -bands 
which remain from the first comparatively short. This distinction, however, 
does not appear to us to be based upon differences of any importance. 

B. The distinction between the superficial and the 
immersed (^arm-band. 

The general description of the position and the origin of the 
germ-band and the embryonic envelopes, given above (p. 268, etc.), 
only holds good for some of the Insecta. These conditions are to be 
found in many Orthoptera {Dlaita\ the Phrt/ganetdae, Lepidoptera, 
Hymenoptera, many Diptera (CJiironomus), and to some extent in 
the Coleoptera. In details, however, an abundance of variations 
which will be mentioned later are found to occur; these may be 
traced back to the shape of the egg, the amount and distribution 
of the food-yolk, and also to some extent to the vestigial condition 
of the embryonic envelopes. In other groups of Insects (Pseudo- 
neuroptera, Hemiptera), on the contrary, we find that the phenomena 
manifested in the formation of the germ-band and the embryonic 
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envelopes, as well as the position of the former, differ still furtJier 
from those which we described above, and which we took as a 
starting-point for the sake of clearness. We must now deal with 
all these conditions in detail. 

From the above description of the rise of the amniotic fold 
(Figs. 132 and 133, a/), it becomes evident that a cavity, con- 
tinuous with the space containing the food-yolk, extends in between 
the serosa and the true amnion. It is thus possible for spherules 
of food-yolk to pass into this cavity and entirely to fill it (Fig. 135). 
In this case the amnion and the serosa are separated from each 
other by a somewhat wide space filled with food -yolk, whereas, 
in other cases, where the food-yolk does not penetrate this cavity, 



c - 



Fio. 185.— Section throngh the genn-band of t Lepidopterous Insect (combined flrom drawinga 
by BoBRETZKT and Hatbchkk). aA, amniotic cavity ; am^ amnion ; e, coelomic cavity ; do, 
food-yolk (divided np into separate masses, each containing a nncleus); «c, ectoderm; 
m, mesoderm ; /^r, thickenings of the ectoderm, representing the rudiments of the ventral 
nerve-corda; «, serosa. 

the amnion and the serosa are in direct contact (Fig. 158 B-F), 
We may thus divide the eggs of Insects into two groups, according 
to the presence or absence of this space between these two embryonic 
envelopes. 

1. Eggs in which the germ-band is superficial ^ i.e., in which the 
elements of the food-yolk have not penetrated into the space between 
the amnion and the serosa. The germ-band is here comparatively 
superficial (Figs. 132, p. 267; 133, p. 269; 140 A, p. 281; 143, 
p. 286). 

2. Eggs in which the germ-band is 'sunk or immersed, the space 
between the amnion and serosa being filled by particles of food-yolk. 
In such cases the germ-band appears, as compared with type 1, more 
deeply sunk within the egg (Figs. 135, 136 G-E, and 142, p. 285). 

T 
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The germ-band is superficial in many Orthoptera {OecanlhtiSt Orylloialpay 
BlaUa, ManUa\ in many Hemiptera {Corixa\ in the Phryganeidae, the Diptera, 
and the Hymenoptera. In the Coleoptera also, the greater part of the genn- 
band appears superficial, but its posterior end is in the first stages immersed. 
An immersed germ-band occurs in the Libellulidae, many Hemiptera {Pyrrho- 
'coris), many Orthoptera {SUnobothrus), and in the Lepidoptera. 

C. The distinction between the invaginated Gtorm-band and the 
Gtorm-band that has been overgrown by the Membranes.* 

With regard to the manner in which the germ-band arises and 
to its position, there are two opposite types among the Insecta, 
these, however, being connected by means of transitional forms. 
In the one type the ventral plate is invaginated into the inner 
part of the egg, and in the other the amniotic folds rising from 
its edges grow over it. 

1. When the germ-band during its formation is invaginated^ e.g., 
LiheUulidae, Brandt (No. 7), its first rudiment appears in the form 
of a small thickening of the blastoderm lying ventrally in the posterior 
half of the egg (ventral plate, Figs. 136 -4, ftp and 137 A), in the 
posterior region of which invagination soon takes place (Fig. 136 il, 
kh). The lumen of this invagination is the first rudiment of the 
amniotic cavity (Fig. 136 B, ah); the thickened ventral portion of 
its wall (k) forms the germ-band, while the thinner dorsal portion 
gives rise to the amnion (Fig. 136 B, (7, am). The blind end of the 
invagination denotes the later anal end of the germ-band {k'). Since, 
however, the invagination grows from behind forward in the egg, it 
results that the primitive position of the germ-band appears to be the 
exact reverse of its later position, its posterior end becoming forwardly 
directed, while its cephalic end lies near the posterior pole of the 
egg. In a similar way, that surface of the germ-band which was 
primarily on the ventral surface of the egg becomes secondarily turned 
towards the dorsal side of the egg, so that the ventral surface of the 
developing embryo is now seen through the dorsal wall of the egg. 
To bring the germ-band into its definitive position the process 
described as reversal, rotation, eversion, or revolution, which will 
be described below, is needed. 

It should be mentioned that in eggs of this type the anterior end of the germ- 
band, which is distinguished by the extension of the cephalic lobes (Fig. 136 

* On this distinction rests the division of Insects into those with inner and 
those with outer germ-bands (inner and outer geims, or entoblastic and ecto- 
blastic forms, Gbabek). Grabrr has recently suggested the terras entoptic 
and ectoptic germ-formation to describe these categories. We have not adopted 
these terms, because they are liable to confusion with the superficial and 
iihmersed germ-bands, given above (p. 273). 
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C, J9, k), does not take part in the process of invagination. It' remains on the 
true ventral surface of the egg, and only becomes covered by the growth of the 
•embryonic envelopes (of) taking place in the usual manner. Thus the relation 
of the anterior portion of the germ-band in this type answers to the description 
^ven below for the second type. 

2. When the formation of the germ-band is accompanied by the 
gromng over of an amniotic fold, the ventral plate, and. the germ- 
band which develops out of it retain throughout the course of 
development the position which is typical of the later stages in 




Fig. l36.— Diagrammatic median sections, to illastrate the development of the Libellulid egg 
(after Brandt). A-C, development of the germ-band (/iC, A") accompanied by invagination. 
D, development of the amniotic folds (af) which grow over the cephalic end of the germ- 
band. J?, the aperture of the amniotic cavity is closed, v, ventral side of the egg; 
d, dorsal side ; a, anterior, h, posterior pole of the egg ; of, amniotic fold ; ah, amniotic 
cavity ; a, amnion ; bZ, blastoderm ; &p, ventral plate ; do, food-yolk ; k, cephalic end of the 
germ-band ; k\ anal end of the germ-band ; kh, germ-prominence or commencing invagina- 
tion ; 8, serosa. 

all Insect eggs. This type of development which is exemplified in 
the Diptera {Chironomus, Simulia, Cecidomyia) is the one already 
described (p. 268, etc.). The germ- band in this case essentially 
belongs to the ventral side of the egg. Its anterior end corresponds 
to the anterior pole of the egg, and its posterior end to the posterior 
pole (if we do not take into account the dorsal extension mentioned 
above, p. 271). There is therefore no reversal or rotation in this 
•case. The embryonic envelopes are formed by simple folds which 
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rise from the edges of the germ-band (Figs. 132 and 133, pp. 267 
and 269). 

If we take into consideration the position of the germ-band at 
the time of its formation, the two types here distinguished might 
also be defined as a type with the germ-band inversely placed, and 
one with the germ-band normally placed. It would be still simpler 
to define them as types either with or without the reversal or rotation. 
It might indeed be objected that, in the germ-band that is overgrown^ 
changes of position have also occasionally been observed, and these 
are often very difficult to distinguish from true reversal or rotation. 

In the order Coleoptera, we shall find forms in which the forma- 
tion of the germ-band affords a direct transition from one of the 
types above distinguished to the other. 

D. Insects with Inyaginated (}erm-band. 

LibeUulidae. We shall first consider the egg of the Libelltdidae 
(A. Bbandt, No. 7) as the best representative of this type of develop- 
ment. This family, as we shall see below (p. 288), seems to exhibit 
conditions which might be direct modifications of those found in 
the Myriopoda, and which must therefore be regarded as the more 
primitive. 

In Calqpien/x, the first rudiment of the germ-band is found in a 
thickening of the blastoderm (ventral plate) lying in the posterior 
ventral half of the egg. The most posterior portion of the germ-band 
soon becomes pressed into the egg (Fig. 137 A, g). While this 
invagination, which by many authors is called the germ-praminencey 
continually deepens, it becomes directed forward and grows out 
towards the anterior pole of the egg (Fig. 137 ^ and C), The lumen 
of the invagination is the first rudiment of the amniotic cavity. 
A difference in the thickness of the two walls of the invagination 
is very soon perceptible. The dorsal wall which represents the 
amnion {am) becomes gradually thinner and its cells flatten, while 
the other wall thickens and represents the actual germ-band (/>«). 
Almost the whole of the germ-band is here invaginated into the egg, 
its posterior end pointing forward. Only a small part of the band, 
its primitive anterior end, retains for a time the superficial ventral 
position of the original thickening of the blastoderm (Fig. 137 C); 
this soon broadens out to form the cephalic lobes. This part now 
becomes completely grown over by a circular amniotic fold derived 
from the surrounding blastoderm. When this circular fold closes 
over the cephalic lobes, the amniotic cavity is cut off from the 
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exterior (Fig. 138 A). The thin layer of the blastoderm surrounding 
the egg, which has retained its superficial position, now represents 
the serosa. 

In the subsequent Jstage, which is characterised by the possession 
of limb- rudiments, the remarkable position of the germ -band can 
be distinctly recognised (Fig. 138 A), We see that its cephalic end 
(v) is directed towards the posterior pole of the egg, while its hook- 
like posterior end (ab) is directed towards the anterior pole. We 
can also see, from comparison with other stages (Fig; 138 C), that 
the ventral side of 
the germ -band on 
which the limb-rudi- 
ments form is turned 
to the dorsal side of 
the egg. The defi- 
nitive position of the 
embryo is brought 
about by a process 
of reversal or rota- 
tion of the germ- 
band, the embryo 
undergoing rotation 
round its transverse 
axis, and being at 
the same time evagi- 
nated from the am- 
niotic cavity (Fig. 
138 B), This pro- 
cess is commenced 
by the fusion and 
subsequent rupture of 
the amnion and serosa near the cephalic region. This rent gives rise 
to an opening into the amniotic cavity at the very point where the 
original aperture of the invagination was situated, and through this 
aperture first the head and then the consecutive segments of the 
germ-band emerge and become applied to the ventral portion of the 
egg-shell, the head shifting towards the anterior pole (Fig. 138 C). 
In proportion as the embryo emerges from the amniotic cavity, the 
latter diminishes in size, and finally completely disappears, the 
embryo being now only surrounded by the egg-shell. 

As the germ-band now lies on the surface of the egg, the area 




Fig. 137.— Three stages of development of the embryo of 
Calopteryx (after Brandt, from Balfour's Text-hook), The 
embryo Is represented inside the egg-shell, am, amnion ; 
y, lateral edge of the ventral plate ; p<, rudiment of the 
germ-bond ; «e, serosa. 
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occupied by the serosa has become considerably diminished (Fig. 
138 C). This envelope now contracts towards the anterior pole of 
the egg, thickening considerably at the same time (Fig. 138 (7, se). 
In consequence of this contraction, the edge of the rent where the 
serosa and the amnion coalesced and finally the amnion itself are 
drawn anteriorly over the food-yolk (Fig. 138 C, «e and am), so 

that the two envelopea 
together finally form 
a sac lying dorsally 
to the embryo; thia 
sac is filled with food- 
yolk, and may be 
defined as a kind of 
(dorsal) yolk-sac. As 
the lateral and dorsal 
parts of the embryo 
now develop further, 
the contents of the 
yolk-sac are taken up 
more and more into 
the intestinal cavity^ 
which communicates 
with the sac, and are 
used up, so that finally, 
by a process to be 
described later, the 
serosa itself is (appar- 
ently) drawn into the 
embryo and assimilated 
(p. 304). 

Since tho gcnn-band of the Lihellulidae arises by an invagination which 
grows into the interior of the egg, it is seen that the amnion and serosa are 
here separated by a wide sfxace filled with food-yolk. The gerra-band of the 
Lihellulidae is therefore immersed. Its cephalio end, however, is excepted 
from this immersion, and so belongs to the superficial type. 

Bhynchota. The type of development of the germ-band described 
above for the Libelltdidae occurs also, as far as is at present known,, 
in all Rhynchota. ^Ietschkikoff (No. 55) and Brandt (No. 7) 
thus found in Hydrometra^ and Graber (No. 27) in Ptprhocoris, 
conditions of development of the egg which in all important point* 
agreed with those observed in the Lihellulidae, 



Fio. 138.— Three stages in the development of CcUopteryx 
(fkfler Brakdt, from Balfour's Text-hook). The embryo 
is represented inside the egg-shell, a, secondary opening 
of the amniotic cavity, through which the embryo 
emerges ; ab, abdomen ; am^ amnion ; at, antenna : md, 
mandible ; nuri, nufl, first and second maxillae ; oe, oeso- 
phagus ; jA, p3 p3, the three pairs of thoracic legs ; «e, 
serosa ; v, anterior end of the genu-band. 



Digitized by 



Google 



INSECTS WITH INVAGINATED GERM-BAND. 279 

A modification of the type described is met with in Corixa (Metschnikoff, 
No. 55 ; Brandt, No. 7). In this form the germ-prominence, which becomes 
invaginated at the posterior pole, is indeed also at first surronnded by food-yolk, 
but very soon becomes closely applied to the dorsal side of the egg, so that 
the serosa and the amnion are here in close contact. The germ is consequently 
not immersed, but superficial. In other respects, the process of rotation and 
the acquisition of its definitive position by the embryo occur in exactly the 
same way as in the Libellulidae, 

The germ-bands of the Pedicnlina and the Mallophaga also, according to 
Melnikoff (No. 53), agree with i^egard to position with that of the LihellididUu. 
But the condition in these cases is to some extent simpler, as the aperture of 
invagination into the amniotic cavity remains permanently open. An invaginated 
germ-band is also found in the Physapoda (Dohrn, No. 21 ; Jordan, No. 44). 

The processes of development found in the eggs of the Phytophthires form 
a direct sequence to those described for the Libellulidae, The descriptions 
given by Metsohnikoff (No. 66) and Brandt (No. 7) of the development 
of the viviparous Coceidtxe {Aapidioius, Leeanium) show almost complete agree- 
ment with the Libellulidae; and the Psyllidae sAbo, according to Metschnikoff, 
seem to follow the same course. Certain peculiarities, on the other hand, are 
shown by the summer eggs of the viviparous Aphidae, which pass through their 
development within the egg -follicle. The eggs of these forms that develop 
parthenogenetically do not, as Will (No. 97) has pointed out, undergo the full 
process of maturation found in other insect eggs. The former exhibit a pre- 
cocious embryonic development, which commences at the stage when only the 
very first phenomena of maturation are to be found in the appearance of small 
drops of deutoplosm. After the development of the blastodeim, the egg contains 
only a small amount of food-yolk, which soon disappears {primary food-yolk. Fig. 
139 ^, do), and in which single yolk-cells are found. In the stages that follow, 
however, the embryo is provided with a fresh mass of yolk (secondary yolk, 
pseudavitelltis, sd) through the development of a kind of placental formation from 
the follicular epitheliimi of the parent (Fig. 139 ^, sd). At the posterior pole of 
the embryo, at which the formation of the blastoderm is not fully completed, and 
whore consequently there is a gap in the blastoderm,* a fusion occurs with the 
corresponding part (x) of the follicular epithelium (/). A mass of cells here 
develops by repeated division as an outgrowth of the follicular epithelium. This 
mass, by the degeneration and complete disintegration of the cells composing it, 
becomes transfoimed into an accumulation of yolk-sphcrules {secondary yolk), 
and the yolk -material thus produced is projected into the interior of the 
embryo through the gap in the blastoderm (Fig. 139 Ay 8d). The secondary 
yolk-mass, which thus comes to lie in the primary body-cavity, and into which 
yolk-cells {dz) soon wander from the embryo, remains for some time connected 
by means of a strand of yolk with that part of the follicular epithelium from 
which it originated. 

The development of the germ -band takes place in the Apkidae by an 
invagination at the posterior pole in exactly the same way as in the LibeUu- 
lidae. This invagination develops round the gap in the blastoderm alraady 
mentioned (Fig. 139 A), It is consequently not closed at its inner end, this 
being the aperture through which the secondary yolk enters into the interior 

* This gap has been called the blastopore by Will, and the immigration of 
yolk-cells proceeding from this point has been assumed to be gastrulatiou, a 
view which we cannot share. 
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of the egg. Only after the secondary yolk has withdrawn into the primary 
body-cavity, and the connective strand has been absorbed, does this aperture 
or gap close (Fig. 139 B)^ and the invagination then assumes a shape exactly 
recalling the corresponding stage in the Libellulidae. As the rudiment of the 
germ-band continues to grow, it develops a hook-like curvature (Fig. 139 C7), 



/. 
/ 



Fio. 189.— Diagrammatio median lectionA through five stages in the development of the egg 
of a viviparous Aphis (adapted fh>m Will). The orientation agrees with that in Fig. 186. 
The genital rudiment is omitted. A, invagination of the germ-band (k') and growing in 
of the secondary yollc («{). B, closing of the pore through which the secondary yolk was 
taken in. C, hook-like flexure of the posterior end of the germ-band (k"). D, rise of the 
amnion-folds (of). B, development of the cephalic serosa (»'). af^ amniotic folds; oA, 
amniotic cavity ; am, amnion ; do, remains of the primary food-yolk with its yolk-cells ; 
fit, yolk-cells; /, follicle-epitheliam ; fc, cephalic end of the germ-band (cephalic lobes) ; 
k', posterior section of the germ-band ; fc", posterior end of the germ-band bent in like 
a hook; I, primary body -cavity; s, serosa; «', cephalic serosa; sd, secondary yolk; 
X, point at which the secondary yolk forms. 

which may later become double (Witlaczil, No. 98). Certain changes in 
position also take place. The curved rudiment, which is at first symmetrical 
with regard to the median plane, is soon too long to retain its position, and 
certain deviations in a lateral direction occur. The outer aperture of the 
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amniotic cavity, which originally belonged to the posterior pole, in the course 
of ftirther development shifts more to the dorsal side. At the same time, the 
rudiments of the cephalic lobes ()t), which have arisen as blastodermic thicken- 
ings and which formerly lay at the anterior pole of the egg, shift backward over 
the ventral side so that finally they extend over the posterior pole (Fig. 139 D). 
The whole of this blastodermic thickening is not, as in the Libellulidae, 
included in the invagination of the germ-baud, and its true anterior end is 
therefore not at first covered by the embryonic envelopes. Soon, however, 
a circular amniotic fold appears surrounding the primitive anterior end of the 
germ-band and the aperture of invagination (Fig. 139 D, af). This circular 
fold at the time of its rise consists, like every other amnion-fold, of two layers 
(anmion and serosa). In the course of further growth, however, the serosa 
outstrips the amnion, so that the cephalic lobes appear covered by only one 
epithelial cell-layer, the so-called cephalic serosa (Fig. 139 E, sf),* 




Fio. 140.— Rotation of the embryo of Oecanthm (diagrams after Ayrbs). a, anterior pole 
of the fgg ; ant, amnion ; b, posterior pole of the egg ; d, dorsal side of the egg ; k, genn- 
band ; r, dorsal plate (caused by the contraction of the serosa) ; «, serosa ; v, ventnl side 
of the egg. 

The other, later processes of development — the rupture of the cephalic 
embryonic envelope, the evagination of the embryo through the aperture 
thus produced, and the rotation of the germ-band occur in just the same way 
as in the Libellulidae, 

The ontogeny of the Aphidae has been described chiefly by Brandt (No. 7), 
Metschnikoff (No. 65), Witlaczil (No. 98), and Will (No. 97). In the 
above account we have principally followe<l Will. 

* This is a case of the imperfect development of the amnion, such as has 
been asserted for certain Hymenoptera. It should be mentioned that the account 
given by Brandt makes it appear possible that the embryonic enveloi^es in the 
cephalic region in the Coccidae (and i)erhaps even also in the Libellulidae) 
develop in the way described by Will in connection with the Aphidae. In 
this case, in these forms also, the envelope covering the cephalic region would 
consist of a single layer of cells. 



Digitized by 



Google 



282 IX8ECTA. 

In this type of development we must also include one of the 
Gryllidaey Oecanthus, although by so doing we place this form in 
opposition to the other Orthoptera. In this genus the first rudiment 
of the germ-band, indeed, docs not arise by invagination as has 
been shown by Ayers (No. 1), but forms as a short ventral plate 
which is overgrown by the amniotic fold. The inner layer of the 
fold (the amnion), as in the cephalic fold of the Aj^hidae^ does not 
at first grow over it as rapidly as the outer layer. The serosa 
therefore at first forms the only complete covering of the germ- 
band. The amnion, however, grows out later under the serosa 
and becomes closed, so that the embryo is finally covered by a 
double cellular envelope. The germ-band is therefore in this case 
to be classed among those which are grown over by a fold, and 
it is also superficial. It lies originally (and this is the point which 
has determined us in the above classification) on the dorsal side 
of the egg, with its cephalic end directed posteriorly (Fig. 140 A)y 
and thus in position entirely agrees with Corixa (p. 279). It is 
therefore obliged, when the rent has taken place in the embryonic 
envelopes, to undergo a process of rotation (Fig. 140 B, C7, D) so 
as to attain its definitive position. This process and the later 
degeneration of the serosa through the formation of an invagination 
(dorsal tube) show such complete agreement with the processes in. 
other examples of this type that we feel justified in classing 
Oecanthus among them. 

E. Insects in which the Gtorm-band is overgrown by the 

Amniotic Fold. 
Orthoptera gennina. In all the forms belonging to this group 
as yet investigated, with the exception of Oecanthus^ the germ-band 
lies from the first on the ventral side of the egg, with its cephalic 
end pointing anteriorly. In these therefore there is no rotation 
of the germ -band. The embryonic envelopes arise through the 
formation of folds. The germ-band is in most cases comparatively 
short {Blattay CflOLODKOWSKY, No. 19, and Whbblbr, No. 95 ; 
Stenobothrus and Mantis, Grabeb, Nos. 26 and 30). Only in 
Gryllotalpa (Kobotneff, No. 47) does the germ-band attain a con- 
siderable length, and consequently appears with its anterior and 
posterior ends bent over towards the dorsal side. In all these 
forms the posterior (abdominal) end of the germ-band in later 
stages appears flexed ventrally, as is also the case in the Ltbelltdidaey 
Rhynchota, Oecanthus, Phryganeidae, in many Coleoptera, and to a 
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still greater degree in the Lepidoptera and certain Hymenoptera. 
This curvature becomes lost and the abdomen straightens as a rule 
even before hatching. 

It should be mentioned that in Stenobothrus the amniotic fold forms at a 
very early period in the development of the germ-band. At a time when 
gastrolation is commencing and the ventral plate is still round and shield-like, 
the latter is already grow-n over by the amniotic fold (Graber, No. 26). In 
Oryllotalpa, the embryonic envelopes develop in the form of two folds rising 
laterally. In BlatUi, a caudal fold and paired cephalic folds corresponding 
to the two cephalic lobes appear first (as in the Coleoptera). The germ-band 
in the Orthoptera is, as a rule, superficial. Only in Stenobothrus does it become 
immersed by the appearance of particles of food-yolk between the two enveloping 
layers, a condition which we shall meet with again in the Lepidoptera. 



r 



'^ 



k; 



am 



'f 



Fig. 141.— Lateral aspect of the egg of ChinrMmMx in the atage at which the embryonic 
envelopea develop (diagram adapted IVom Wbibmamn and Kupftir). A^ showing the 
commencement of the cephalic and caudal folds (X/ and *f). B, union of the two folds 
laterally and their continuous advance over the germ-band, v, ventral side ; (i, dorsal side ; 
a, uncovered portion of the germ-band ; am^ amnion ; do, food-yolk ; il*, cephalic end of 
the germ-band ; fc', ventral portion of the germ-band ; Vf*^ portion of the germ-band bent 
over dorsally ; V"^ hook-like bend of the posterior end ; 2r/, cephalic fold of the amnion ; 
)d^ cephalic lobe ; r, dorsal umbilical passage ; «, serosa ; 4/, caudal fold of the amnion 
X, x', union of amnion with the ectoderm. 

Diptera. In all Diptera as yet examined, the germ-band attains 
a considerable length; it thus not only covers the ventral side, but 
its two ends bend over dorsally, the posterior end extending very 
far forward (Fig. 141), so that on the dorsal side of the ^^;g they 
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are seen lying somewhat near each other (x, x'). The later develop- 
ment, in which the posterior end of the germ-band draws back to 
the posterior pole of the egg, is therefore attended by great shorten- 
ing of the embryonic rudiment. 

The amniotic fold does not here arise simultaneously along the 
whole edge of the germ-band, but a fold first rises round the cephalic 
end (kf) and a second at the posterior end (sf) of the germ-band 
(cephalic and caudal folds of the amnion). Only later do folds 
form at the sides of the germ-band and connect the cephalic with 
the caudal fold (ChironomtiSy Wbismann, No. 87, and Kuppfbr; 
SimtUia, Mktschnikoff, No. 55). 

As the ends of the genn-band are bent over dorsally and lie very near each 
other, the edges of the amnion also, which arise from the ectoderm in front 
of and behind the ends of the germ-band (at x and x' in Fig. 141 A), lie near 
each other. It follows that the region in which the serosa lies directly on the 
surface of the food-yolk (r) is in these forms very limited. Similar conditions 
will be met with in the Lepidoptera and the Phryganeidae. 

The germ -band in the Diptera is throughout superficial; only its most 
posterior end, in Chirwiomus and Sim%Uia, and possibly also in the Muscidae, 
appears bent in the shape of a hook and sunk into the yolk (Fig. 141 B, Jc"% 
We have here an approach to conditions to be described in the Coleoptera. 

The fact that in a few Diptera the amniotic folds remain imperfect and 
never completely grow over the germ-band deserves mention. This is the 
case, according to Metschnikoff (No. 65), in the embryos of the viviparous 
Ceddmnyia larvae, in which the cephalic and caudal folds appear as rudiments, 
but do not develop further. It is also the case, according to Kowalevsky 
and Grabek (Nos. 27 and 28) in the Muscidae^ in which the cephalic fold 
remains extremely small, and only the caudal fold develops somewhat 
more distinctly. In the later development of the embryo, these folds simply 
flatten out again and then take a certain part, as it appears, in the develop- 
ment of the dorsal integument. 

Trichoptera. The conditions to be observed in the rounded 
Qgg of the Phryganeidae^ as Patten found in Neophylax (No. 65), 
approximate very closely to the normal type of the Diptera (Chiro- 
no7nus). The very long, superficial germ-band here also covers the 
greater part of the periphery of the egg, so that its anterior and 
posterior ends almost touch dorsally. We shall see that even the 
phenomena of degeneration of the germ-envelopes in the two groups 
belong essentially to the same type (G rarer, No. 27). 

Lepidoptera. The Lepidoptera also, in the general conditions of 
the germ-band and the embryonic envelopes, stand very near the 
two last groups. A remarkable point in their development is that 
the amniotic fold forms at a very early stage of the development 
of the germ-band (as in StenoboihiicSy p. 282), at a time when the 
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rudiment of the band or ventral 
plate is only a round, shield-like 
thickening of the blastoderm (Fig. 
142 A), from the edge of which 
the amniotic fold rises. Only later 
does the germ -band begin to 
lengthen, and very soon, by the 
passage of food-yolk masses be- 
tween the amnion and the serosa, 
becomes immersed (Fig. 142 B), 
Since, as in the Diptera, increasing 
length leads to the sharp dorsal 
curvature of the germ-band, and 
since the amniotic cavity follows 
this curvature, that dorsal portion 
which represents the connection 
between the embryo and the germ- 
bands appears to become more and 
more limited (Fig. 142 C, at x). 
There thus develops a dorsal um- 
bilical passage which is here of 
significance in so far as it repre- 
sents the passage through which 
the food-yolk mass taken into the 
interior of the embryo communi- 
cates with that lying between the 
amnion and the serosa. Taking 
into account this feature, it might 
be said that, in the Lepidoptera, 
the embryo is surrounded by a 
yolk-sac connected with it through 
the dorsal umbilical passage. 

Hymenoptera. In the Hymen- 
optera, conditions are found which 
agree in essentials with those 
described for the Diptera. The 
germ -band here also is always 
superficial, and is covered by a 
double cellular envelope (amnion 
and serosa) formed by the growth 
▼entralwards of a cephalic and a 
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Fio. 142.— Diagram of the fomiatiou of the 
embryonic envelopes in the Lepidoptera 
{^ after Kowalevsky, B and C after 
Tichomiroff). )(r, germ-band; am, am- 
nion; K, serosa; do^ food -yolk; vd, 
invagination of the stomodaeum; ed, 
invagination of the proctodaeam; m, 
mouth; an, anal aperture; x, dorsal 
umbilical passage. 
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caudal amniotic fold (Fig. 143 A). This process has been described 
by KowALEvsKY for ApiSy and still more clearly by Grabbr for 
Polistes gaUica and Formica^ and more recently for Hylotoma 
bei^bej-idis (Nos. 27 and 30). In Apis, at least, the cephalic fold 
seems to take a greater share in the overgrowth of the germ-band 
than the caudal fold. 
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Fio. l4S.— Diagrammatic median sections of two stages of development of Hylotoma berberidis 
(after Graber). a^-a}^, first ten abdominal s^ments ; am, amnion ; an, anus ; at, antenna ; 
hg, ventral chain of ganglia ; do, food'yolk ; ed, proctodaeum ; m, mouth ; md, mandible ; 
vix^, first maxilla; tnjfl, second maxilla; og, supra-oesophageal ganglion; ol, labrum ; 
pi, |>2, jfi^ the three thoracic limbs ; s, serosa ; ap, salivary glands ; vd, stomodaemn x, xi, 
point at which the amnion passes into the ectoderm. 

The germ-band in the Hymenoptera remains as a rule comparatively short. 
It is not longer than the egg (Fig. 143 A), and thus remains restricted to the 
ventral side. On the other hand, the amniotic cavity itself continues to extend 
over the anterior and posterior ends of the germ -band towards the dorsal 
surface, thus causing the points where the amnion unites with the ectodei-m of 
the germ-band {x and x') gradually to approach one another, a rare condition 
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«u3Qong the Insecta, but one which apparently also occnrs in the Lepidoptera. 
The dorsal umbilical passage is in this way more and more circumscribed, until, 
by the fusing of these inner folds and the absorption or rupture of this solid 
-cord, it is completely obliterated (Fig. 143 B). The embryo, whose dorsal wall 
is now completely formed, lies henceforth entirely free within two cellular sacs, 
the outer one corresponding to the serosa and the inner to the amnion {s, avi 
in Fig. 148 B), 

Although the presence of a double cellular envelope (amnion and serosa) in 
the Hymenoptera can hardly, according to Gbaber's recent observations, be 
doubted, we must here mention that other authors expressly point out that 
only a single embryonic envelope is present, which then must be assumed to 
be the serosa. Although some confusion on this point may arise from the 
fact that tlie inner envelope (amnion) becomes closely applied to the germ- 
band (Graiieb) and is indistinguishable from the latter, we cannot deny 
the possibility that the true amnion at first remains stationary, as was 
described above (p. 281), in the case of the cephalic fold of the Aphidae and 
Oeeanthtis (p. 282). There would then be a separation of the amnion from 
the serosa at the edge of the amniotic fold, and the latter would grow out 
independently by a process of overgrowth (cf, the ' description given of the 
formation of the amnion in the Scorpions, p. 5, Fig. 8). The same conditions 
were found in Apis by BtJxscHLi (No. 11) and Grassi (No. 82), also in Foliates 
gcUliea and Chalicodoma muraria by CARRifeRE (No. 18).* 

We are still altogether in doubt as to the presence and constitution of the 
embryonic envelopes in the Pteromalina (c/. on this point the account of 
Platygaster), in which the endoparasitic life of the embiyo and larva has essen- 
tially modified the course of the development 



F, Transition forms between the two types of development 
of the Germ-band. 

Goleoptera. The germ-band of the Coleoptera, which, like that 
of the Hymenoptera, does not attain to any great length, shows in 
its anterior and principal portion (Fig. 144, k) the characters of a 
germ-band grown over by the embryonic envelopes. It is superficial 
and is grown over by the forward extension of a caudal fold (of) and 
paired cephalic folds (a/) (Fig. 134 C, a/", p. 270), which soon fuse, 
to which are added, in Lina (Gbabbr, Xo. 30), lateral folds that arise 
independently. The posterior end of the germ-band, on the contrary, 
develops entirely according to the invaginating type described in 
connection with the Libelltdidae, In Hydrophilus (Kowalevsky, 
No. 48, and Hsidbb, No. 38), at the posterior end of the rudiment 
of the germ-band, there is a pit (Fig. 134 A, g, p. 270) which exactly 
corresponds to the invagination known by authors as the germ- 
prominence (p. 276). As this pit deepens, the most posterior end 

* [BOrger (No. II.) has published a full account of the embryology of this 
bee, based uoon Cakri^re's notes. He finds only one envelope arising from 
the peripheral portion of the blastoderm and persisting for a short time. — £d. ] 
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of the germ-band develops (Fig. 144, k\ bends round dorsally, and 
sinks into the yolk. The most posterior part of the germ-band \& 
thus here immersed; the anal end is directed forward and applied 
to the dorsal side of the egg; in short, it shows all the characters 
of the invaginated germ-band (Fig. 144, k). 

The germ-band, in the Coleoptera, is thus originally bent round dorsally 
over the posterior pole of the egg. The cephalic end of tlie germ-band accord- 
ingly lies at first some distance from the anterior pole (Fig. 134 D, p. 270). 

It, however, gi-adually moves towards the 
anterior pole (Fig. 134 E)^ while the pos- 
terior end moves back from its dorsal 
situation to the posterior pole. This 
shifting causes the posterior invaginated 
portion of the germ-band to be, as it were, 
drawn out of the yolk, so that, finally, the 
germ-band throughout its whole length is 
superficial. This shifting of the germ- 
band corresponds exactly to the process 
of rotation. In Hydrophihis^ however, the 
rupture in the embryonic envelopes takes 
place only at a later stage. 

Conditions like those just described for 
Hydropkilus are found in the other Coleop- 
tera, as may be gathered with special dis- 
tinctness from the observations of Gbaber 
(No. 30) on Lina and of Wheeler (No. 
95) ou Doryphora, Here also the posterior 
end of the germ -band is bent in dorsally 
and sunk into the yolk. The principal 
difference between these cases and that of 
Eydrophilus is found in the fact that the 
cephalic end of the band appears from the 
first near the anterior pole of the egg, and 
consequently the movement accompanying 
rotation is not here to be observed. 

We have already pointed out (p. 284) 
that the posterior end of the germ-band 
in the Diptcra is sunk into the yolk, in 
the same way if not to the same extent as 
in the Coleoptera. We have here also the 
last indications of the formation of a germ- 
band by invagination. The presence of 
these vestigial conditions, and above all the condition of Hydropkilus (and 
Oecanthus) seem to indicate that the formation of tlie germ-band by invagina- 
tion is the primitive methoii in the group of Insecta, wliile the growth over 
it of the amniotic fold represents a secondary condition (Will, No. 97). The 
movement of rotation which can be observed in Hydropkilus and OeeaiUhus 
is only comprehensible on this assumption. 




Fig. 144.— Diagrmm of a median longi- 
tudiual section through a Hydrophilvs 
embryo in the stage depicted in Fig. 
134 D, p. 270 (after Hkider). a/, 
anterior amniotic fold ; of, posterior 
amniotic fold ; oA, amniotic cavity ; 
am, amnion; do, food-yolk; k, the 
segmented germ -band, which is 
already bilaminar; kf, posterior end 
of the germ-band bent round dor- 
sally and sunk into the yolk; v, 
ventral sitte of the egg; d, dorsal 
side of the same. 
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G. General Considerations. 

We have seen above (Figs. 113, p. 226, and 114, p. 227) that, in 
the Myriopoda, the germ-band, as it increases in length, is flexed 
ventrally and sinks into the interior of the egg. In this invagination, 
which we must imagine to have come about at first through the 
difficulty of accommodating the long germ-band within the spherical 
6gg} ^0 shall have to seek (as Gbabeb, No. 149, indicated, and Will, 
No. 97, more recently proved in greater detail) the starting-point for 
the development of the invaginated germ-band of the Libelltdidae. 
We shall therefore consider the invaginated form of germ-band as 
the most primitive in the Insecta. A careful comparison between 
the condition of the Myriopoda and that of the LibeUtUidae, indeed, 
reveals certain differences. In the Myriopoda, the germ-band alone 
is drawn into the invaghiation. In the LibellulidaB, on the contrary, 
in which the germ-band is comparatively short, it occupies only one 
side of the depression, while the opposite side seems to be occupied 
by a part of the blastoderm which has been drawn into the depres- 
sion with the band, and is then known as the amnion. The part 
of the blastoderm not concerned in the formation of the germ-band 
in this case therefore is more extensive, and this marks the first 
commencement of the formation of the embryonic envelopes. 

In the Myriopoda, the parts of the germ-band not drawn into 
the depression remain simply uncovered. In the Libdlididae^ on 
the contrary, they are grown over by a fold (amniotic fold) which 
arises secondarily. This formation of folds is a new acquisition in 
the Insecta by which the system of embryonic envelopes is com- 
pleted. It is contrasted by Will (No. 97), as the secondary part 
of the embryonic envelopes, to the primary part which arises by 
invagination. We should, however, hesitate to lay much stress upon 
this distinction. 

In the more highly developed and specialised Insect types, the 
secondary formation of folds becomes more prominent, while the 
development of the germ -band through invagination sinks into 
the background. The germ -band grown over by the amnion is 
thus derived from the invaginated band, and the development of 
the former marks an ontogenetic advance, as the complicated process 
of rotation is now eliminated. 

The cases of vestigial development of the embryonic envelopes 
which have been observed in endoparasitic eggs (Pteromalinaj 
Tachinidae\ in the eggs of the viviparous Cecidomyiidae, and 
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in the Muscidae must be regarded as secondarily acquired, when we 
take into consideration the condition of other nearly related forms. 

We have as yet no certain data to help us in discussing the 
question of the physiological significance of the germ -envelopes. 
Although the increase of the yolk-absorbing surface may have been 
of importance for the development of the iuvaginated germ-band, 
this consideration does not help to explain the development of the 
amniotic folds that have grown over the germ-band. In the latter 
we seem to see the influence of an ontogenetic tendency which led 
to the germ-band being separated from direct contact with the inner 
surface of the chorion (or vitelline membrane). This may have 
afforded greater protection against certain mechanical injuries, 
perhaps also against the danger of desiccation or adherence. The 
latter hypothesis seems to receive special support from the fact that 
eggs with degenerated embryonic envelopes {Geeidoniyia^ Tachina^ 
Muscidae) are, in consequence of the nature of their surroundings, 
less exposed to this danger. All these conjectures, however, afford 
little satisfaction. 

4. Development of the exterxial form of the Body. 
A. Segmentation. 

The first traces of segmentation are found very early in the 
germ-band of the Insecta, which becomes divided up by superficial 
transverse furrows into a number of somites. This segmentation, 
in the form of consecutive metameres, may appear as early as the 
very beginning of gastrulation (Hydrophilus, Kowalevsky and 
HsiDBR, Fig. 134 il and B, p. 270, and ChaLicodoma murana^ 
GARRiisBBy No. 13, Fig. 156, p. 315). The transverse boundaries 
of the segments then extend not only over the middle plate (p. 310), 
from the invagination of which the lower germ-layer arises, but 
laterally over the lateral plates (Fig. 156, «), which become the 
ectoderm of the geim-band. These transverse furrows owe their 
.origin to the alternate thickening and thinning of the epithelium, 
which at this stage forms the embryonic rudiment, the furrows 
corresponding to the thin areas. It follows that, in the forms just 
enumerated, after gastrulation has taken its course, not only the 
ectoderm, but the lower layer also, is segmented. 

HsiDBR (No. 38) maintained in the case of HydrophUus that the 
first indications of segmentation even precede gastrulation. Similar 
transverse zones of the blastoderm have been observed by Whebler 
(No. 95) in Doryphora and by Graber (No. 30) in LinOy but these 
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authors interpret them in another way not connected with the later 
segmentation. 

Such an early appearance of segmentation as that found in 
HydrophUus and CJialicodoma must be regarded as a modification 
of the ontogenetic processes founded on heterochrony. We shall 
have to regard as primitive the condition found in other forms 
(e.g.f Lina and StenobothruSj Grabbr, No. 30), in which the gastru- 
lation and the separation of the lower layer take place in the 
unsegmented germ-band, and the division into segments only occurs 



JU 



Fio. 145. — Three stages in the development of the genii-band of lina (after Qrabcr). a^ 
unsegmented germ-bend ; in B and C, the segmentation is recognisable in the lower layer. 
B, with the radiments of the mandibular and two maxillary segments, to which, in C, 
the three thoracic segments and the two anterior abdominal segments are added, a', a^^ 
tint and second abdominal segments ; a/, amniotic fold ; U, blastopore ; ^, mandibular 
segment ; kf\ k"', the segments of the two maxillae ; kl, cephalic lobes ; m, month ; t', i"^ V, 
first, second, and third thoracic segments ; rA, extension of the germ-band in the thoracic 
region ; «, lower layer. 

at a later stage (Fig. 145). In these forms the segmentation is princi- 
l)ally noticeable in the invaginated lower layer, although probably, in 
all cases, the ectoderm also is affected by it at an early stage. 

In the completely segmented germ-band of the Insect (Fig. 1 34 E^ 
p. 270, and Fig. 146 A^ p. 295) we distinguish two peculiarly-shaped 
regions, one corresponding to the anterior end and another corre- 
sponding to the posterior end. The anterior or primary cephalic 
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region carries the oral aperture, and is characterised by its great 
lateral extensions, the cephalic lobes (Figs. 134, h and 145, hl)y 
^vhile the posterior terminal section, the so-called anal segment or 
telson, carries the anal aperture (Fig. 146 -4, a). Between these 
two regions lies the segmented primary trunk-region, which, in the 
Insecta, seems without exception to consist of sixteen segments. 
The three anterior of these segments represent the mandibular and 
the two maxillary segments, which are later drawn into the forma- 
tion of the head (Fig. 146, md, mx^, mx^), while the three following 
develop into the permanent thoracic segments (j^^^ p^ p^), so that 
ten segments (besides the telson) must be reckoned as belonging 
to the posterior or abdominal region of the body. 

Ten abdominal segments together with a telson seem typical tliroughout th& 
group of the Insecta. This number has been observed recently in the germ- 
band of Hydrophilua by Heidek, and in various forms {Lina, StenobotkruSy 
various Lepidoptera, and Hylotoma) by Graber (No. 80). Wheeler (No. 95), 
Cholodkowsky (No. 19), and CAREifeRE (No. 18) have all made similar 
observations. In the later stages of embryonic development, tliis number is 
apparently in a few forms decreased to nine, the tenth abdominal segment 
fusing with the telson. This appears to be the case in Hydrophilus and Lina ; 
in the Lepidoptera, according to Graber (No. 80), a fusion if the ninth and 
tenth abdominal segments takes place, the telson remaining independent. 

With regard to the primary cephalic region^ it should be mentioned that,, 
taking into account the segmentation of the brain recently observed by Pattbn 
(No. 67) and confirmed by several othei* authors, it has to be assumed that this 
region is com^josed of several (three) fused segments {cf, pp. 825-828 on th& 
development of the brain). 

Another point to be noted is that, according to the statements of various 
authors, among ^hom Wheeler and Garri^re deserve special mention (th& 
former in connection witli Doryphora, No. 95, and the latter with Chalicodoma, 
No. 18), a slightly developed and transitory segment, the so-called pre-maxillary 
segrtientf is intercalated between the primary cephalic region and the first body- 
segment proper (which represents the mandibular segment). According to> 
Garki^re, this structure represents a vestigial pair of limbs and a corre- 
sponding Y^ir of ventral ganglia. The latter is said to be concerned in the 
formation of the circum-oesophageal commissure. 

The cephalic lobes usually appear very early (Fig. 145, kl). Even when 
the germ-band is still altogether devoid of segmentation, the primary cephalie 
region is already characterised by the extensions of the cephalic lobes. A 
slight broadening can also often be observed in that part of the still unseg- 
mented germ-band which con-esponds to the later thoracic segments (Fig. 145- 
A and By tk). Indeed, Ayers (No. 1) was able to distinguish in the still 
uusegraented germ-baud of Oecanthus a primary cephalic region, a maxillary,, 
a thoracic, and an abdominal region, these later regions of the body being 
indicated by variations in the bulk and breadth of the germ-band. It is on. 
these first rudiments of the body-regions, which are only recognisable as wavy 
swellings of the lateral contour of the germ-band, that Graber (Nos. 26 and 
30) founds his view of the primary segmentation of the Inscctan germ-band^ 



Digitized by 



Google 



8TOMODAEUM AND PROCTODAKUM. LABRUM. 293 

According to GrabeBi the law of the development of the body-segments from 
before backward, which has been accepted on the whole for the Arthropoda 
and was specially insisted upon by Balfour, does not apply to the Insecta. 
In this group the germ-liand is said to break up at first into macrosomites, 
i.e., the slightly indicated swellings of the germ-band recognised by Aters and 
corresponding to the permanent regions of the body. The macrosomites are 
said, by means of a secondary segmentation, to break up into microsomites 
(the later body-segments). This peculiar type of segmentation, which deviates 
from that of the other Arthropoda, is to be regarded as inherited from a hypo- 
thetical racial form. We, however, are not able to accept this view. Apart 
from the fact that in ffydrophilus (Heider), Chalicodoma (CARRikRE, No. 18), 
Mantis (Yiallanes, No. 84), and Xiphidium, one of the Locustidae (Wheeler, 
No. 94), there is no sign of any breaking up into macrosomites preceding 
definitive segmentation, it appears to us that the broadening of the germ- 
band at the part where later the thoracic region develops may be traced back 
merely to an accumulation of plastic material, and that it should not therefore 
be regarded as the expression of a tnie segmentation. If the lower layer were 
also affected by this apparent breaking up into macrosomites, the case would 
be different. Such a condition was actually stated by G rarer to exist in 
Stenobothrus (No. 26). From his more recent publication (No. 30), however, 
it appears that the formation of macrosomites in the lower layer in Stenobothrus 
is not quite distinct. We have therefore only the statements of Nusbaum 
(No. 69) in connection with Meloe and, as no division into macrosomites is 
found in Hydrophilus and Lirui, the point seems to require reinvestigation. 

As a rule, the development of the body-segments in the germ- 
band of the Insecta takes place from before backward. This has 
recently been observed, especially by Graber (No. 30), in various 
forms {Stenobothrus^ Hylotoinay Lina). In Lt?ia, for instance, the 
mandibular and the maxillary segments (Fig. 145 i?, k'-k'") develop 
first, and in the next stage the three thoracic segments and the 
two anterior abdominal segments are added (Fig. 145 C), while 
the other abdominal segments only develop later. In other cases, 
the development of the segments seems to proceed more equally 
along the whole length of the germ -band. Our knowledge is, 
however, very incomplete on this point. An exception to the rule 
is afforded by ffydropkihis, in which the development of the seg- 
ments of a middle region is somewhat retarded, while the anterior 
and posterior parts of the germ -band develop more rapidly. In 
Pteris, according to Grabbr (No. 30), the thoracic segments precede 
all the others in development. The maxillary segments soon follow, 
and finally the abdominal segments form. 

B. Stomodaeum and ProctodaennL Labmm. 

After the segmentation of the germ-band is completed, the next 
ontogenetic changes to be remarked are the development of the 
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stomodaeum and the proctodaeum and the rudiments of the limbs. 
The fore-gut and the hind-gut appear as ectodermal invaginations, 
the stomodaeum and the proctodaeum, in the primary cephalic region 
and on the telson (Figs. 145 (7, m, and 146 A, m and a). As a 
rule, the stomodaeum begins to develop a little earlier than the 
proctodaeum in the Insecta (Fig. 145 (7, m). To this rule, however, 
the Muscidae form an exception, if the observations of Vokltzkow 
(No. 85) and Graber (Xo. 28) as to the early appearance of the 
proctodaeal invagination in these forms are confirmed. 

About the time when the stomodaeal invagination appears, and 
anterior to it in position, a forward swelling of the anterior edge 
of the primary cephalic region is to be remarked. This is the 
so-called procephalon (Fig. 146, vk)^ which represents the common 
rudiment of the Idbrum and the dyj^eus. In many cases, this 
rudiment first appears in the form of a small paired prominence 
(Fig. 160, ?, p. 326), which gives rise later, by fusion in the median 
line, to an unpaired swelling which is still somewhat indented at 
the middle. This is the case in the Coleoptera (Hydrqpkilus^ 
KowALBVSKY, Grabbr, No. 25, and Hbidbr; in Lina, Grabber 
No. 30 ; in Meloe, Xusbaum, No. 63 ; in AcUius, Pattbn, No. 67)^ 
in the Lepidoptera (Tichomirofp, No. 79, and Grabbr, No. 30)^ 
in Challcodoma (CARRiiiRE, No. 13), and in other forms. The 
rudiment is, on the contrary, originally single in Apis (Grassi, 
No. 32), in Blatta (Cholodkowsky, No. 19), and in Mantis 
(ViALLANES, No. 84). The rise of the procephalon which, by many 
authors, is called simply the labrum, from a paired rudiment has 
repeatedly led to its being compared with a pair of pre-oral appen- 
dages, but the grounds for such a comparison are, as we think,, 
insufficient. This view has been adopted recently by Patten 
(No. 67), who described the procephalon simply as the first pair 
of antennae, and also by Carri^rb (No. 13). The labrum of 
the Insecta seems to us to find its homologue in the structures 
called by the same name in other Arthropoda (especially in the 
Crustacea), to which the interpretation just mentioned would be 
inapplicable. 

It should be mentioned that, in the early embryonic stages of many Insects,, 
a provisional lower lip, arising from a paired rudiment, is found just behind 
the mouth. This is not to be confounded with the permanent lower lip of 
the Insecta, which arises by the fusion of the second pair of maxillae. Thfr 
provisional lower lip was first observed by BCtschli (No. 11) in Apis^ and 
calletl by him the inner antennae ; it was found later by Tichomiroff in the 
Lepidoptera, Heider described it as the " lateral oral lips " in BydrqphiltiSy 



Digitized by 



Google 



EXTREMITIES. 



295 



and it has recently been observed by Nusbaum (No. 63) in Meloe, This 
structure may best be compared with the paragnatha of the Crustacea, although 
we are apparently precluded from homologising it with this latter. 

G. Extremities. 

The limbs appear as sac -like swellings of the surface of the 
segments, which, as a rule, are directed backward. The antennal 
rudiments must be regarded as the most anterior pair of true limbs ; 
this belongs to the cephalic region, and arises near the posterior 
edge of the cephalic lobes, at the point where these pass into the 
mandibular segment (Figs. 146, any and 147, at). It should be 
specially pointed out that the antennal rudiment, even when it first 
appears, is, as Wbismann (No. 87) has shown, post-oral in position 
(Fig. 147, at) arid 

shifts towards the JS. -^• 

mouth only later, 
finally coming to 
lie in front of or 
above it. The an- 
tennal rudiment, 
in its external 
appearance, de- 
velopment, and 
position closely re- 
sembles the other 
limb-rudiments. 

Weismann's im- 
portant discovery 
that the antennal 
rudiment is origin- 
ally post-oral in 
position has recently 
been confirmed by 
various observers 
(Grabbb, No. 25, 
and Heider, No. 88, 
for Hydrophilus; 
Patten, No. 67, for 
Acilius; Graber, 

No. 30, for StenobothruSj Lepidoptera, Hylotoma ; Nusbaum, No. 63, for Meloe ; 
Wheeler, No. 95, for Dorypkora; CARRikRE, No. 13, for Chalicodoma, etc.). 
This position, as well as the agreement in form between the antennal rudiment 
and the other limbs, lends important support to the view we have alwady 
expressed in connection with Peripatus (p. 186, etc.), and which also applies to 
the lusecta, that the antennae are structures secondarily shifted to a position in 



Fig. 146.— Embryos of Hydrophihis with limb-rudiments (after 
Heidkr, from Lang's Tesi-hook). a, anal apertnre ; an, antenna ; 
gt rudiment of the ventral chain of ganglia ; m, oral aperture ; 
iiu2, mandible ; mX|, first, mx,, second maxilla ; pi, ^s, pS, the 
three pairs of thoracic limbs ; }>*, j>8, p7, jgS, rudiments of the 
first six abdominal limbs ; st, stigmata ; vA, prooephalon. 
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front of the mouth, and that they are entirely homonomous with the other 
trunk-limbs, and cannot therefore be traced back to the primary cephalic 
tentacles of the Annelida.* 

Carri^re (No. 13) has asserted the presence in Chalieodoma of a pre-antennal 
limb-rudiment. According to him, the nidiment of the procephalon represents 
a first pair of limbs, the pre-antennal rudiment the second, the antennae the 
third, the transitory limb of the hypothetical pre-maxillary segment (p. 292) 
the fourth, and the mandible the fifth pair of the scries. These statements 
require confirmation before we can accept them as explaining the tnie relation- 
ship of the series of the limbs. 

Of the limb -rudiments following the antennae, the three next 
pairs are transformed into the jaics (mandibles, first and second 
maxillae, Figs. 146 and 147, md, mx^^ wiajg)* These rudiments 
develop early and with a complicated form in keeping with their 
later specialisation, the mandibles appearing toothed and the maxillae 
lobed. The second maxillae fuse together in later stages to form 
the lower lip. The three pairs of limbs which follow these (the 
thoracic legs, Figs. 146 and 147, p^, p^, p^,) exhibit a massive 
development, the first traces of the future segmentation soon 
becoming apparent on them. 

In the Libellulidaef the rudiment of the second maxilla appears very large 
in the embryo (Fig. 188, ?wa:*,.p. 278), so that it looks more like that of a 
thoracic limb than like those of the other jaws. Its special development is 
probably connected with the size attained by the lower lip (mask) of the larva 
which proceeds from it (p. 359). 

With regard to the order of appearance of the different limbs, our knowledge 
is as yet somewhat incomplete. Here also we find repeatedly that the general 
order of development is, according to the ontogenetic law, from before back- 
ward. In many forms the antennal rudiments seem to be the first to appear, 
while the maxillaiy rudiments and those of the legs all develop simultaneously, 
but somewhat later than the antennae. This is the case in HydrophiliLS, 
Melolontha^ and Ste7iobothnis, In LinUf according to Graber (No. 80), the 
mandibles precede the antennae. Among the Libellulidae, according to Brandt 
(No. 7), the rudiments of the thoracic limbs appear first, then those of the 
maxillae, and only later those of the antennae. In those Insects whose larvae 
are limbless, on the contrary, the rudiments of the thoracic limbs appear late 
and in an arrested condition {Apia and Chalieodoma)^ or are altogether sup- 
pressed {Aluscidae), In thfi ^irst case, the limb-rudiments degenerate before 
the larva hatches. It would be interesting to trace the relation of these 
degenerating rudiments to the imaginal discs of the thoracic limbs that develop 
later, concerning which, as far as we know, no statements have been published. f 

* From this point of view, the raalfonnation observed by Kriechbaumer in 
Bomims (EntoinoL Nachr., Jg. xv.) is not without interest ; an antenna was by 
this author found deformed so that it resembled a leg, and at its end earned two 
well-developed claws. See Bateson, Materials /or ih^ Study of Variation, p. 146. 

t [BUrokr (No. II.) finds in Chalieodoma that the thoracic appendages of the 
embryo flatten out and their hyi>oderraal cell-layer thickens and becomes the 
imaginal discs of the thoracic limbs of the adult.— Ed.] 
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Soon after the appearance of the thoracic limbs, rudimentary 
appendages can be seen on the abdominal segments also (Figs. 136 
Pit i^9» ^^^ 137-4, Oi-Og). These, in most cases, exactly correspond 
in position and in the manner of their development to the limb- 
rudiments of the preceding segments, so that we may consider them 
as fully equivalent to the latter. The first statements as to the 
presence of limb-rudiments on the first abdominal segments were 
made by Rathkb (for Gryllotalpa), and the first mention of the 
presence of limb -rudiments on all the abdominal segments by 
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Fig. 147.— Two stages in the development of the genu-band of Melolontlia (after Graber). 

A, stage with eight pairs of abdominal limb-rudiments (a'^-a^). B, older stage ; the germ- 
band la very much broadened, ai, limb belonging to the first abdominal segment (in 

B, widened out into a sac) ; a^, limb belonging to the eighth abdominal segment ; an, anas ; 
at, antenna ; bg, ventral chain of ganglia ; fj, brain ; Z, labrum ; m, mouth ; md, mandible ; 
tny, first, vix", second maxilla ; pi, j/^, f^, tint, second, and third thoracic limb ; «, lateral 
strand of the ventral nerve-cord ; st, stigma ; x, point of attachment of the sac-like first 
abdominal limb. 

BCtschli (No. 11, Apis), These statements have recently repeatedly 
been verified in numerous Insects (for the literature on this point see 
especially Graber, Nos. 25 and 30, Wheeler, No. 91, and CARRii:RE, 
No. 15). The first point to be noted is, as Graber has shown, that, 
in the Orthoptera and Coleoptera, as well as in some Hemiptera, 
the appendages of the first abdominal segment, as compared with 
those of the subsequent segments, are more massive and in later 
stages develop characters peculiar to themselves, while, in the Lepi- 
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doptera and Hymenoptera, the limb-rudiments of the first abdominal 
segment are, in some cases, less developed than those of the other 
segments, and in no case do they attain a greater development. 

In the Orthoptera and Coleoptera, the limb-rudiments of the firat abdominal 
.segment show, as is often the case with vestigial organs, considerable variability 
in their later development. They are most leg-like in Mantis, according to 
Graber, and in this genus, as well as in some other forms, they even show- 
signs of segmentation, the linger-like process appearing divided into two by 
a transverse constriction. The limb-rndiments of this segment in MeloUmthor 
attain an altogether excessive development (Fig. 147 By a^, Graber), being 
transformed into large vascular sacs, the walls of which seem to be composed 
of massive coarsely -granular elements. In many other cases a glandular sig- 
nificance is suggested for these appendages, the walls at their distal parts being 
formed of very large coarsely-granular glandular cells which are often pigmented. 
In such cases, the appendages are mushroom -shaped {Gryllotalpay ffydrqphiltis) 
or, when the distal glandular surface sinks in, they assume the form of stalked 
cups {MeloCj Nusbaum). Finally, they may be represented by a sac sunk 
l)e]ow the surface of the body [Tenebrio, CARRikRE), or a similarly -shaped 
solid sti-ucture {Cicada and Nepa^ Wheeler). The different shapes assumed 
by this structure are connected by means of many transition forms. The 
secretion which has been observed may be gelatinous {Meloe, Nusbaum, and 
Cicada, Wheeler) or filamentous {Nepa, Wheeler). The physiological sig- 
nificance of these organs still seems very obscure, in spite of the observations 
which have been published ; they have been claimed as embryonic respiratory 
organs (gills) or glands. It should be iK>inted out that the character of the 
cells here regarded as glandular agrees closely with that of the elements of 
the dorsal organ (invaginated serosa) before the latter begins to disintegrate. 

The api)endages we have just been discussing invariably degenerate completely 
before the larva hatches. The same is, as a rule, the case with the appendages 
of the posterior abdominal segments, which are usually considerably smaller. 
It is possible that when the latter disappear they take a certain part in the 
formation of the lateral parts of the ventral plate, as was conjectured by Haass 
(No. 153) when reviewing the condition of Machilis and Blaita^ and as was more 
recently rendered probable by Graber (No. 30) for Mehlontha. 

With regard to the development of the abdominal extremities (pedes spurii 
or prolegs) of the caterpillars of the Lepidoptera and the caterpillar-like larvae 
of the Tenthrcdinidae, it appears from the researches of Kowalevsky {Sphinx), 
TicHOMiROFF {Bombyx), and Graber (No. 80, Bonibyx and Hylotoma) that 
limb-rudiments first form on all or most of the abdominal segments, but 
that they very soon disappear on those segments which, in the larva, have no 
limbs, while on the other segments they are transformed into the functional 
prolegs. To this view the observations of Goossens and Knatz, according to 
which single pairs of these prolegs first develop during larval life, are apparently 
unfavourable. We should here have to suppose, as Graber (No. 30) also has 
pointed out, an embryonic rudiment remaining for a considerable time in a 
latent condition. On the whole, the embryological data seem to support the 
view of Balfour, which Cholodkowsky has recently adopted, and to which 
Graber (No. 30) is inclined, that the abdominal appendages of the caterpillars 
of the Lepidoptera and Hymenoptera are to be regarded as true limbs. We 
have already had several examples in the Crustacea of the disappearance and 
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re-development of a limb out of a rudiment which has meantime been latent 
(mandibular palp of the Decapod larva, Vol. ii., p. 812, maxillipedcs of the 
Stomatopoda, Vol. ii., p. 300). A similar example is afforded among the Insecta 
by the thoi-acic Jimbs of many Hymenoptera ; these appear as rudiments in the 
embryo, disappear later, and reappear in the imago.* The same process will be 
found to explain the phylogenetic appearance of the abdominal limbs of the 
caterpillars and Tenthredinid larva ; for it can hardly be doubted that the 
Lepidoptera and the Hymenoptera, as well as all Hetcromorpha, are to be 
derived from homomorphous ancestral forms which, in the larval condition, were 
devoid of abdominal limbs. The larval form of the caterpillars, in spite of its 
apparent resemblance to Peripatns, must be accepted as a secondary ontogenetic 
condition acquired in adaptation to certain conditions of life (p. 866). 

Special mention should be made of the appendages of the last abdominal 
segment (anal or terminal segment, which in many orders of Insects, especially 
in the lower orders (Orthoptera genuina, Epketneridae, Odonata, Plecoptera), 
persist throughout life as the so-called cercopoda {cerci). It must still be 
considered doubtful, on account of the natnre of the terminal segment, whether 
we may consider these appendages as the equivalents of the other true limbs. 
According to the observations of Cholodkowskt (No. 19), their development 
in BlaUa seems to support such a view. They here appear not only in a form 
resembling that of the other abdominal appendages, but a process of tlie 
coelomic sac which develops in the terminal segment extends into them as 
into the other limb-rudiments. The homologue of the cerci is perhaps found 
in the posterior extremities of the Lepidopteran caterpillar, which lie beneath 
or near the anus, the so-called anal prolegs which, according to Grab£R (No. 
80), develop on the terminal segment. The three-jointed anal cerci of the 
Tenthredinid genus Lyda and the structure known as anal spikes in other forms 
{Nematus^ Zaddach, and ffylotomat Oraber, No. 80) correspond to them. 
The so-called anal prolegs of the larvae of many Tenthredinidas are, on the 
contrary, appendages belonging to the tenth or penultimate abdominal segment. 

There is a certain relation also between the typical abdominal limb- rudiments 
and the unjointed appendages of the ventral plate of the ninth abdominal 
segment, known as the styli ; these are found in many Orthoptera, and persist 
throughout life in the males. According to Cholodkowskt (No. 19), they 
are derived in Blatta from tlie embryonic limb -rudiment of this segment 
Haase (No. 153), on the contrary, will not allow that either the appendages 
under consideration or those small movable processes found on the abdominal 
segments of the Thysanura (ventral stylets) have the morphological significance 
of true limbs, but regards them merely as the equivalent of the coxal spui-s 
of Scolopendrella, 

We are here led to ask to what extent the external genital appendages, the 
so-called gonapophyses, are to be traced back to limb-rudiments. The researches 
of Kraepelin and Dewitz (No. 103) have i*cvealed that the ovipositors of the 
Hymenoptera and the Locustidae, and the coiTesponding genital appendages 
of the male in these forms, are derived from imaginal discs of the eighth and 
ninth abdominal segments, which, when they first appear in the larva, closely 
resemble those imaginal discs of the larva of Corethra^ which yield the thoracic 
limbs (p. 371). BCtschli (No. 11) and others have therefore attempted to 
refer the gona{>ophy8es of these forms to true abdominal limb-rudiments. In 
support of this assumption, we might point out that these imaginal discs 

♦ [Sec footnote, p. 296.— Ed.] 
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develop from the abdominal limb-rudiments present in the embryo. It should, 
however, be mentioned that Haass (No. 153), following Uljanin, has recently 
opposed this view, although, as it. appears to us, with insufficient reason, 
maintaining that the gonapophyses should be regarded merely as secondarily- 
acquired external appendages.* 

We cannot deny that a certain phylogenetic significance attaches 
to the presence in the Insect embryo of abdominal limb-rudiments 
that degenerate later. Considering the near relationship that exists 
between the Insect£^ the Myriopod£^ and PeripatuSf we must see 
in the appearance of these rudiments the ontogenetic recapitulation 
of the conditions belonging to an ancestral form of the Insecta, in 
which all the body-segments were still provided with well-developed 
pairs of limbs resembling the present thoracic limbs. We should 
have to attach a certain importance to the fact that, in the Orthop- 
tera, the embryonic limb-rudiments of the first abdominal segment 
are always more developed than those of the following segments 
and, in Mantis, exactly resemble legs. Since, in Campodea (Haasb, 
No. 153), a true rudiment of a leg is retained on this segment, we 
are justified in raising the question whether, in the degeneration 
of the abdominal extremities in the series of ancestors of the Insecta, 
the hexapod condition was not preceded by an octopod condition. 
This would explain the fact that the segment in question, in many 
points of its development, resembles the thoracic rather than the 
abdominal segments. 

The limb-rudiments which are found as sac-like bulgings of the surface of 
the gei*m-band are from the commencement of their development filled with 
mesoderm. In most Insects there is at first no an*angement in the mesodermal 
cells that enter the limb-rudiments, but the Orthoptera seem more nearly to 
follow the Myriopoda and PeripahcSj in so far as, in them, diverticula of the 
coelom extend into the rudiments (Cholodkowsky, No. 19 ; Gkaber, Nos. 26 
and 30). 

D. Nervous System and Tracheal Invaginations. 

The rudiments of these two systems of organs help essentially to 
determine the external form of the Insectan germ-band. The rudi- 
ment of the nervous system usually appears very early, before the 
limb-rudiments are recognisable. We find, as rudiments of the ventral 

* [Heymons (Nos. XVI. and XXII.) has investigated the development of the 
cerci, gonapophyses, and stylets in Lcpisina and other Insects, and he concludes 
that the cerci are true appendages, that tlie styles appear to be dermal processes 
replacing true api)endages and lutimatelv related to them, and that the gonapo- 
physes have no relation to appendages. W H eelek (No. XLI V.), on the other hand, 
IS strongly in favour of regarding the gonapophyses as modiTied abdominal 
appendages. Uzel (No. XL. ) regards the ventral stylets of Camjialca as direct 
derivatives of abdominal appendages. — Ed.] 
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chain of ganglia, two swellings running longitudinally along the germ- 
band near the median line (primitive swellingSf Fig. 147 A, s) and 
a channel lying between them (primitive groove, neural groove). 
Segmentation takes place early in the primitive swellings, broader 
parts (rudiments of the ventral ganglia) alternating with constricted 
parts (longitudiqf) commissures) in regular segmental order (Fig. 146 
A, g), AnteriojJJIpthe primitive swellings diverge from one another, 
as the circum-o'esophageal commissures, and pass directly into the 
cephalic lobes. Here each passes into the brain-rudiment, a some- 
what large ectodermal thickening, the shape of which will be described 
more in detail below (p. 326). The rudiment of the brain and that 
of the ventral chain of ganglia are thus, in the Insecta, connected 
from their first appearance. 

The tracheae arise as ectodermal invaginations recurring in each 
segment (Fig. 146 and 147, st). The apertures of the invaginations 
afterwards become the stigmata. The tracheal invaginations occur 
regularly on the first to eighth abdominal segment. In the thorax, 
in which the presence of a pair of such invaginations in each segment 
may no doubt be assumed as the primitive condition, there is variation 
in this respect in the different groups. In the Lopidoptera, one 
tracheal invagination appears in the pro-thorax, while none is found 
in either the meso- or the meta-thorax. The embryos of most 
Goleoptera and Hymenoptera (Apis, BCtsghli, Hylotoma, Graber, 
No. 30), on the contrary, have no tracheal rudiment in the pro- 
thorax, but possess such a structure on both the meso- and meta- 
thorax. The same is the case in the embryo of Mantis (Graber, 
No. 30). 

The tracheal invaginations as a rule develop only after the appearance of the 
limb -rudiments. An exception to this rule is afforded by Apis^ in which 
the tracheal invaginations appear in the thoracic region before the belated limb- 
rudiments. As a rule the invaginations appear almost simultaneously, only 
rarely is there any indication of the order of development from before backward. 
In Hydrophilus, for instance, the meso-thoracic stigma appears somewhat earlier 
than the stigmata of the other segments (Graber, No. 25). 

In the Goleoptera, structures coiyectured by Heider (No. 88) and Wheeler 
(No 95) to be the vestiges of tracheal invaginations have been observed on the 
ninth and tenth abdominal segments. 

It should be mentioned here that certain ecto<lermal invaginations appearing 
in the head have been regarded as tracheal formations which have lost their 
primitive function and become secondarily modified. CARRiiiRB (No. 13) follow- 
ing MosELET and Palmen (No. 161) has thus regarded the salivary glands and 
the tentorial invaginations as modified tracheae. Others (BCtschli, Gbassi)' 
have considered the Malpighian vessels to be of the same type as the tracheal 
invaginations. AVe shall further on give our reasons for not adopting this view. 
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£. Transition to the Definitive Form of Body. 

The development of the definitive shape of the body is accomplished 
through the circumcrescence of the whole of the nutritive yolk by 
the germ-band. We have seen above (p. 272) that, in the later 
stages of development, the germ-band as a rule ^j|^ in such a way 
that its anterior end corresponds to the anterijjt -pole of the egg, 
and its posterior end to the posterior pole. As tA^erm-band grows 
considerably in breadth, its lateral edges shift up dorsally over the 
surface of the food-yolk (Figs. 150 A-F, 169, 170, 171, and 172). 
In this way the lateral parts, and later the dorsal parts, of the larval 
body are formed. By means of this circumcrescence, the food-yolk 
comes to lie entirely within the embryo, and finally fills the lumen 
of the archenteron (Fig. 150 F). The closing of the larval body 
dorsally through the circumcrescence of the food-yolk by the germ- 
band is so intimately connected with the degeneration of the 
embryonic envelopes that we shall have to return to these processes 
later on. 

The dorsal parts of the embryo in the cephalic region develop 
independently of the broadening of the germ-band described above. 
The segments of this region, i.e., the maxillary, only take part to 
a small extent in the development of the dorsal portion, the latter 
being mainly formed by the bending over dorsally and the backward 
extension of the cephalic lobes as well as of the procephalon. The 
anterior end of the germ-band is therefore here bent over dorsally. 
An actual dorsal flexure of the cephalic region develops, as was first 
pointed out by Weismann and later by Hatschek and Hbider (No. 
38). During this flexure of the anterior end of the body, the part 
of the procephalon lying near the mouth appears as a transverse 
swelling (labrum). The former most anterior part of the procephalon 
now becomes the clypeus and assumes a more backward position. 
The cephalic lobes in this process of shifting pass towards the 
dorsal side, and the antennal rudiments consequently shift in front 
of or above the mouth. 

5. Completion of the dorsal part of the Embryo and 
degeneration of the Embryonic Envelopes. 

In most of the Arthropoda that have so far come under review 
(Crustacea, Arachnida, Myriopoda, etc.), development takes place 
through the formation of a so-called germ-band, but without the 
formation of actual embryonic envelopes. The surface of the whole 
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egg is then covered partly by the band-like embryonic rudiment and 
partly by the unmodified blastoderm. The dorsal part of the embryo 
is there formed by the continuous broadening of the germ-band which 
by its growth, extends over the greater part of the surface of the eggj 
the region covm^ by unmodified blastoderm becoming more and 
more circumscS^ It is as a rule assumed that the latter takes 
part in the clpamg S this dorsal region by being transformed histo- 
logically to fo»^tff ectoderm of the germ-band. It is possible that 
in these forms also part of this blastoderm 
gradually degenerates. We have (Vol. ii., 
p. 150) conjecturally referred the formation 
of the so-called dorsal organ of certain Crus- 
tacea to such a process of degeneration. A 
similar method of development of the dorsal 
part of the embryo perhaps also occurs in the 
Podaridae^ in which a dorsal organ is found 
which develops in the early embryonic stages, 
and is connected with a larval cuticle that 
envelops the embryo (|woinb, No. 51), but 
in other respects its significance is somewhat 
obscure (p. 268). In most insects the process 
is more complicated, in so far as an amniotic 
fold arises at the junction of the germ-band 
with the undifferentiated part of the blasto- 
derm, the degeneration of this fold being 
intimately connected with the completion of 
the dorsal surface of the embryo. 

A very simple case of the formation of the 
dorsal region in the embryo which, however, 
we can certainly not regard as primitive, is 
found in the Museidae and a few other Diptera 
in which the amniotic fold is incomplete 
(p. 284). Here (according to Kowalevsky, 
No. 49, and Graber, No. 28) the amnion is simply flattened out 
again. The amnion and the serosa then together form a simple 
epithelium which corresponds to the unmodified part of the blasto- 
derm in the Crustacea, Arachnida, and Myriopoda, and here also 
seems to take the same part in the development of the dorsal ectoderm. 
More complicated and very varied methods of formation of the dorsal 
region and of the involution of the embryonic envelopes are found in 
the other Insecta, the four following types being distinguishable. 



Fio. 148.— Diagram of the 
development of the dor- 
sal tube Ihroagh invagi- 
nation of the doraal p!ate 
(transformed serosa). 
Sacceeding the stage de- 
picted in Figs. 1S8 C and 
140 D. am, amniotic 
fold (now forming the 
provisional dorsal in- 
tegument) ; r, doraal 
tube, which is already 
commencing to disinte- 
grate. 
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[In Lepisma, one of the Thysanura (Heyj/ n-band 

attains a ventral flexure, and is invaginate manner 

suggestive of the Diplopoda (p. 229), at a vei )wever, 

a slight amnion forms, and by a narrowing < Jon an 

anmiotic cavity arises ; the amniotic folds, w «r sur- 

rounds the greater part of tlie egg, however, i nniotic 

cavity is never closed, and rotation takes of the 

embryonic membranes. The germ-band, comm siniply 

emerges from the amniotic cavity through tl i. The 

serosa contracts dorsally, becomes invaginated -gan or 

sac, which then disintegrates. This condition re than 

that seen in the LiheUididae^ and recalls the and in 

the Myi-iopoda. In tliis connection an import » paper 

by WiLLKY (No. XLV.) should be studied. V nniotic 

cavity of insect embryos was originally a prod ^ i germ- 

band, and that this invagination was primarily derived'' from and associated 
with a ventral flexure of the embryo. In this respect he differs from Heymons, 
who considei-s that the dorsal flexure of the Chilopoda ai|d Poduridae is primi- 
tive, whereas Willey would rather regard the ventral flexure of Lepisma and 
the Diplopoda in this light. Willey further regards the dorsal organ of the 
Poduridae and the indusium of the Locustidae as vestiges of a trophoblast such 
as occurs in Peripatiis fwvae-britanniae (p. 216). — Ed.] 

A. Involution through the development of a continuous 
dorsal amnion-serosa sac. 

In describing the development of ihe^^ellulidae (Fig. 138 0, 
p. 278) we saw that, after rotation had w^n place, the embryonic 
envelopes (the amnion and the serosa) which had grown together, 
represent a membrane which envelops the dorsal yolk-sac (am + ae). 
The condition then somewhat resembles that seen in the Muscidae 
after the flattening out of the amniotic fold. In this membrane, 
the part yielded by the amnion is clearly distinguishable from that 
yielded by the serosa, for while the serous portion has greatly 
thickened by continuous contraction to form a dcn'sal plate,* the 
amnion has retained its character as a delicate flattened epithelium 
(Fig. 140, C and D, am, r, p. 281). 

The further fate of the embryonic envelopes in the Libellulidae 
has not been observed. We can, however, complete our description 
by reference to other forms which show the same type of develop- 
ment. As development advances, the food-yolk becomes more and 
more restricted to the interior of the embryo, or more strictly 
speaking, of the developing enteron. The yolk-sac consequently 
diminishes in size, and the absorption of the food-yolk into the 
enteron produces a collapse of the dorsal plate, this latter sinking 
in and forming a thick-walled sac, the so-called dorsal tube (doi'sal 
organ, Fig. 148, ?*). The walls of this sac soon undergo disintegra- 

* The dorsal organ of the Podurid embryo seems to be quite peculiar in its 
formation, and cannot be referred to the dorsal plate here mentioned, aa is 
shown by its early appearance (Lkmoine, No. 16). 
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tion; the degenerating serosa-cells lose their epithelial connection, 
and in this disintegrated condition are absorbed into the intestinal 
canal with the rest of the food-yolk. Simultaneously with this 
disintegration, which leads to the complete degeneration of the 
dorsal organ, the outer aperture of invagination completely closes. 
In this way the serous part of the wall of the yolk-sac becomes 
disintegrated. There now only remains the amniotic portion of this 
wall, which, standing 

in direct communication A B 

with the ectoderm of 
the embryonic rudiment, 
represents a provisional 
dorsal integument. It 
still appears doubtful to 
what extent this pro- 
visional integument 
passes over into the 
permanent wall, i.e., to 
what extent the amnion 
is transformed into the 
•definitive hypodermis (a 
view which Graber 
<No. 27) and others 
have been disposed to 
adopt). It would ap- 
pear very strange if 
the permanent dorsal 

integument were to be utilised in earlier embryonic stages as a 
provisional ventral embryonic envelope (amnion), and as, on the 
other hand, as we shall show (p. 307), the degeneration of the 
amnion was directly observed by Wheeler in Doryphora, we must 
leave .the question open whether, as a rule, in the Insecta, the germ- 
band alone forms the whole of the embryonic rudiment, and also 
brings about, by its dorsal extension and subsequent union, the 
completion of the permanent dorsal integument, while the amnion 
serves as a provisional integument, which later undergoes gradual 
■absorption. 

The above-described process of the completion of the dorsal body-wall by 
the development of a dorsal organ and provisional completion by means of the 
amnion, probably appUes to the Libellulidae, It is also found in all Rhyncota 
<Graber, No. 27, in Pyrrhocoris; Mktschnikoff, No. 55, and Brandt in 

X 



Fio. 149.— Three embryos of Hydropkilus ftpom the dorsal 
side (after Kowalevskt, fh)Tn Balfour's Text-hook), 
A, the serosa has retracted to the dorsal side and has 
thickened to fonn the dorsal plate (do). B, the dorsal 
plate (do) is partly invaginated and covered by the 
amnion (Fig. 150 D). C, the dorsal tube is completely 
developed and opens externally only through an anterior 
pore (cf. Fig. 160 E). at^ antenna ; do, dorsal organ in 
various stages of development. 
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Corixa and Hydromtira ; also 3Ietschnikoff and Witlaczil in the Aphidae) 
and in most Orthoptera genuina {Blatta, Wheeler ; Oecanthus, Ayerb, No. 1 ; 
Gryllotalpa, Korotneff, No. 47). 

Among the Coleoptera, in which the posterior end of the germ -band arises 
by invagination, a few forms belong to the type of transformation just described 
{e.g., Hydrophilus, Kowalevsky, No. 48, Heider, No. 87, Graber, No. 27; 
and Melolontha, Graber, No. 27). The only distinction is that here the 
rupture of the embryonic envelopes takes place only after the completion of 



Fio. 150.— Diagrams illustratiDg the formation of the dorsal organ in Hydiophiltts (after 
Grabsb and Kowalevsky, from Lakg'b Text-book). A, transverse section throngh th» 
egg, the germ-band being still covered by the amnion (a) and serosa (s). B, the fused 
amnion and the serosa are now ruptured and drawn back as two lateral folds. C, con- 
traction of the serosa («), which becomes the dorsal plate, leads to the dorsal displacement 
of these folds (Fig. 140 A). D, the contracted serosa is now partly covered by these folds, 
which are now bent round dorsally (Fig. 149 B). IT, the dorsal tube is completed by th» 
fusion of these folds (Fig. 149 C). F, the enteron has become completed dorsally and has. 
enclosed the dorsal tube (»). a, amnion ; (f , food-yolk ; ec, ectoderm ; A, heart ; 2, body- 
cavity ; m, rudiment of enteron ; n, nervons system ; f, serosa (in Cand D= dorsal plate, ia 
E and F= dorsal tube) ; f r, lateral tracheal teunk. 

the rotation (p. 288), at a time when the genn-baud already lies ventrally and 
is superficial. The fused embryonic envelopes rupture in the median line and 
draw back to the sides of the germ-band, where they form folds exactly like 
those at the commencement of their development (Fig. 150 B). As these folds 
bend dorsally over tlie thickened doi-sal plate («, Fig. 150 D) and fuse in th& 
dorsal median line, a complete tube is formed lined by the serosa {dorsal tubCf 
Fig. 150 E), while the amnion provisionally completes the dorsal part of the 
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embryo. The dorsal tube develops in an altogether similar way in the Orthop- 
tera. When the enteron at a later stage closes dorsally, the dorsal tube» 
together with all the food-yolk, is enclosed within it (Fig. 150 F). In Hydro- 
philuSy the dorsal plate and the dorsal tube arc distinguished by their great 
length (Fig. 149) ; they extend over the whole dorsal surface of the egg. The 
closing of the dorsal tube, brought about by the fusion of the amniotic folds 
over it, here takes place from behind forward, so that for some time a pore 
is found anteriorly as the opening of the dorsal tube (Fig. 149 C). 

B. Involation accompanied by dorsal withdrawal of the 
Amnion only. 

This type has been observed in a few Coleoptera (Ckrysomelidae, 
Fig. 151). The serosa («) here remains entirely unaffected by the 
whole process of involution, and is retained till the late stages of 
development closely applied to the inner side of the chorion. The 
provisional enclosure of the yolk dorsally is brought about after 
the rupture of the ventral amnion by the dorsal growth (Fig. 151-5) 




Flo. 161.— Diagrammatic tranaverse sections illastratiDg the formation of the doraal body-wall 
in Doryphora (after WhxeusrX am, amnion (in £, serving as the provisional dorsal intega- 
nient ; In C, imdergoing disintegration) ; fc, genn-band ; s, serosa. 

of the latter {am). When, in later stages of development, the germ- 
band extends more and more over the dorsal surface of the egg 
(Fig, 151 G), the cells of the compressed amnion first accumulate 
dorsally (this accumulation has been described by Whbblbr in 
Doryphora as the amniotic dorsal organ), and then break away 
from the aggregate and become scattered in the food-yolk, where 
they finally disintegrate (Whekleb, No. 95). To this type belong 
Doryphora (Whkbler), Lina (Graber), and perhaps also Donacia 
(Melnikoff, No. 53). 

0. Involution accompanied by dorsal withdrawal of the 
Serosa and complete separation of the Amnion* 

This type is closely related to the first. It was observed by 
Gbabbr in Chtronoimis (Fig. 152) and the Phryganeidae. Here only 



Digitized by 



Google 



308 IN8ECTA. 

the serosa («) tears ventrally and contracts dorsalwards (Fig. 152 B)^ 
where it forms a dorsal organ closely resembling that of the Orthop- 
tera and Bhjncota, which finally degenerates and sinks into the 
yolk (Fig. 152 C), The amnion at first remains unchanged. The 
completion of the dorsal region is brought about by the continuous 
approximation of the points of union between the amnion and the 
ectoderm ; this produces a narrowing of the dorsal umbilical passage, 
which finally becomes obliterated by the fusion of its walls. The 
amnion then separates from the ectoderm, and up to the time of 
hatching surrounds the embryo as a closed sac (Fig. 152 C). 

f B C 



am, ^ 



am, 

r 



Fio. 152.— Involution of the embryonic integnments in Chironomtu (diagnun after Grabkk). 
am, amnion ; r, dorsal umbilicus ; $, serosa, which in B has retracted dorsally and in C has 
been absorbed into the yolk. 

D. Involution accompanied by the amputation of both 
Embryonic Envelopes. 

This type may be derived from the preceding type if we imagine 
that the serosa is not ruptured nor in any way essentially modified. 
The dorsal extension of the germ-band, carrying with it the points 
of origin of the amniotic folds, causes a constriction of the dorsal 
umbilical passage and, by the fusion of its margins, completes the 
dorsal integument ; the two membranes are first connected by a solid 
umbilical cord with the embryo and, when this breaks down, they 
become separated from the embryo and from one another (Fig. 
143 Bf p. 286), As two completely closed sacs, one within the 
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other, they envelop the embryo, as has already been mentioned in 
the case of Hylotoma, up to the time of hatching. This type occurs 
in the Hymenoptera and the Lepidoptera. In the latter (Fig. 142 C, 
p. 285), in which the germ-band is immersed, remains of food-yolk 
are retained between the amnion and serosa, which, together with 
the large cells of the serosa, serve as the first nourishment for the 
young caterpillar (Ganin, No. 23). 

E. General Oonsiderations. 

We must regard as the most primitive the first of these types 
of development, in which, after rotation of the germ-band and the 
development of a continuous amnion-serosa-sac, conditions are brought 
about resembling those usually found in the other Arthropoda, the 
serosa being invaginated and gradually degenerating. This is con- 
firmed by the fact that this type is frequent in those orders of 
Insects which are generally claimed as the more primitive. The 
fourth type of development, on the other hand, in which the 
embryonic envelopes lose their continuity with the embryo and 
form two free membranes enclosing the latter, must be regarded as 
the most specialised. The third type is intermediate between these 
two. With regard to the way in which the serosa degenerates, it 
approaches the first type, but in the separation of the amnion 
resembles the fourth. The second seems to represent a type of 
formation of the dorsal integument independently acquired among 
the Coleoptera, 

In the first type, the development of the amnion-serosa-sac is 
introduced by the rupture of the two fused embryonic envelopes. 
This rupture in the ventral median line in the Libelltdtdae takes 
place only in the cephalic region. In the second type only the 
serosa is affected by the rent, while, in the fourth type, both 
embryonic envelopes remain intact up to the time of hatching. 

6. The formation of the Qerm-layers. 

The older accounts of the formation of the layers in the germ- 
band of the Insecta were very incomplete. BOtschu (No. 11) first 
found that^ in Apis^ a lower or inner layer is produced in the 
germ-band by an infolding. Soon after, Kowalevskt's researches 
(No. 48), carried out by means of sections, laid the foundation for 
more accurate knowledge. Kowalevsky found that, in HydrophiltiSf 
a furrow appears running along the whole length of the rudiment 
of the germ-band (Fig. 134 A, B, r, p. 270), which, sinking in, 
yields the lower or inner layer of the germ-band, ».e., the common 
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rudiment of the entoderm and the mesoderm (Fig. 158 A-C, p. 321). 
A similar condition was found by Kowalevskt in ApiSf in the 
Lepidoptera, and in a few other forms. This furrow must be 
regarded as the blastopore of an unusually long gastrula-depression, 
extending along the whole ventral surface as far as the point at 
which, later, the proctodaeum develops, and the edges of the furrow 
must be regarded as the lip of an exceedingly long blastopore. The 
tube which has arisen in HydrophUus by the closing of this furrow 
may be claimed as the archenteron. 

The first rudiments of the gastrula-furrow are, in the Insccta, 
yielded by two folds running longitudinally in the thickened ventral 
plate one on either side of the median line (Fig. 164, /, p. 313). 
These folds cut off a middle region of the ventral plate, the so-called 
middle plate (m) from the lateral plates («). As the middle plate 
bends in and becomes grown over by the lateral folds, which mark 
the edges of the blastopore, the gastrula-depression is formed (Fig. 
158 Ay r, p. 321), the development of which causes the middle plate 
to become the lower or inner layer of the germ -band. The ectoderm 
of the germ-band is then derived from the lateral plates. The fusion 
of the edges of the blastopore, through which the closing of the 
archenteric tube is brought about, occurs latest in its most anterior 
region, at a part of the germ-band corresponding to that at which 
later the stomodaeal invagination develops. 

In ffydrophilttSy the gastrula-furrow develops in a way differing somewhat 
from that which usuaUy prevails, as the middle part of the furrow here appears 
somewhat retarded in its development, wliile, in the anterior and posterior 
regions, the lips approximate earlier. This growth affects the outline of 
the blastopore, which at a certain stage is flask-shaped (Fig. 184 A, p. 270), 
the bulging of the flask coiTesponding to the part of the germ-band which is 
retarded in its development. 

During the invagination of the middle plate and its transformation 
into the archenteric tube it becomes modified histologically (Fig. 158 
A and B, p. 321). Whereas it primarily consisted of a columnar 
epithelium, which in the further course of development becomes 
multilaminar, the individual cells, pressed together, being wedge- 
shaped, the cells in later stages become more and more cubical or 
irregularly polygonal (Fig. 158 B), and also show a less regular 
arrangement. At the same time the archenteric tube becomes com- 
pressed dorso-ventrally. While it thus broadens out laterally under 
the lateral plates, its originally circular lumen passes into a horizontal 
slit, which in HydrophUus long remains recognisable as the boundary 
between the two parts of the lower layer (Heider, No. 38). 
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A gastnila-fnrrow of this nature has been found in a great variety of Insecta 
by most of the recent workers on this subject. It must therefore be regarded as 
occurring universally. The fact that it was missed by Korotneff (No. 47) 
in Oryllotalpa is of no great importance. In the same way, the negative result 
obtained by Witlaczil (No. 98) in the Aphidae is hardly to be accepted when 
we consider Grabbr's account (No. 24) of the development of Pyrrhoeoris and 
the recent researches by Will (No. 97) on the Aphidae, in both of which we 
iind a gastrnla-furrow described. 

Many variations in detail are found in the process of gastrulation in the 
Insecta. It is not always accompanied by the development of such a distinct 
tube as that found in Eydrophilus, The invagination appears in individual 
oases to be less distinct and variously modified, so that tliree different types 
may here be established. 

1. There is actual invaginatioii, aeeompanied by the formatioii of a tube 
<Fig. 158 ^, p. 821). The central region of the ventral plate (the middle plate) 
becomes invaginated, its lateral margins standing up as a couple of folds, each 
oomposed of a double layer of cells. These folds now grow towards the middle 
line and unite, thus forming a tube {HydrophihiSj Musca, PyrrTiocoriSf etc.). 
Finally the cells of this tube lose their epithelial continuity and, becoming 
slightly separated, assume an irregular polygonal shape. 

2. The middle plate may be overgrown by free ectoderm-folds (Fig. 153). 
The middle plate does not separate from the ectoderm of the germ-band through 
the union of folds as in 1 but, at 
the place where the lateral folds 
arise in other cases, the connection 
between the ectoderm and the 
middle plate becomes brokeli, and 
the free edges of the ectoderm 
grow over the sunken middle 
plate towards the middle line. 
Here also the cells of the middle 
plate only lose their epithelial 
oontinuity later. This type 
occurs in various Hymenoptera 
and Lepidoptera. It has been 
observed in Apis by Kowaleysky 
and Gkassi (No. 32), and in 
Lepidoptera by Kowaleysky 
<No. 48), whose statements were 
confirmed by Bobretzky 
<No. 6). 

3. The Ibwer layer may originate by ingrowth of celli from a median groove. 
The cells of the future lower layer here lose their epitheloid nature at an early 
period. A median groove is formed as in the other types, but there is no 
separation of a distinct median plate or tube, single cell-elements separate from 
the base of the gi-oove and shift below the ectoderm ; this proliferation of cells 
goes on until the lower layer is complete, its cells wandering below the ectoderm 
and the lateral parts of the germ-band. This type appears to occur in the 
Aphidae, according to Will (No. 97), and in the Phi-ijganeidae, according to 
Patten (No. 65). 

In the second and third types of formation of the lower layer, a tube with 




Fio. 158.— Transverse sections through the germ- 
band of Apis in two consecutive stages of gat- 
tmlation (after Qrassi). 5, lower layer; a, 
ectoderm. . 
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a distinct lumen naturally does not develop. The cell-masB of the lower layer 
is here, from its origin onwards, solid and gradually widens out below the lateral 
plates. The types given are connected by transitionary forms. Thus it appears, 
according to Graber's recent statements (No. SO), as if, in the Lepidoptera, a 
type intermediate between the second and third types is occasionally to be 
observed. 

It was observed by Wheeler in Doryphorat and by Graber in Xtna, that 
the most posterior end of the gastrula-furrow in certain stages appears forked 
(Fig. 145, p. 291), a condition which we are not in a position to explain. 

The cell-layer derived from the gaatrula-invagination (the lower 
layer) represents the common rudiment of the entoderm and the 
mesoderm. It has only recently become known in what way these 
two germ-layers are separated from one another in the Tnsecta. 
With regard to this point we must follow chiefly the statements of 
KowALB\'SKY as to the Muscidae (No. 49), of Heider as to Hydi-ophilus 
(No. 38), and Wheeler as to Doryphora (No. 95). Kowalbvsky 
showed first in connection with Mttsca that the greater part of the 
lower layer yields mesoderm exclusively, and that only two cell- 
masses, corresponding respectively to the anterior and the posterior 
end of the germ-band, are concerned in the formation of entoderm. 
We must therefore, in the Insecta, speak of an anterior and a 
posterior entoderm-rudiment. As the stomodaeal and proctodaeal 
depressions which appear as ectodermal invaginations develop, the 
cell-masses of the two entoderm-rudiments are pushed in front of 
them into the interior, and thus become separated from the meso- 
derm. The two entoderm-rudiments now represent cell-accumulations 
closely applied to the blind ends of the stomodaeum and proctodaeum. 
They soon broaden out into the shape of watch-glasses, with their 
concavities directed towards each other and their convex sides turned 
to the respective poles of the egg. Their shape, however, soon 
changes, two lateral bands growing out from each rudiment in such 
a way as to form the letter U (Fig. 154, en). The ends of the two 
U-shaped rudiments are directed towards each other, and grow out 
until they meet and fuse. The entoderm-rudiment yielded by the 
fusion of the two U-shaped rudiments then consists of two bauds 
running longitudinally above the germ-band, mostly dorsal to the 
primitive segments. Anteriorly and posteriorly these bands pass 
into one another, and at these points fuse closely with the stomo- 
daeal and proctodaeal invaginations. As these lateral entoderm- 
bands gradually widen, they begin to grow round the surface of 
the food-yolk on which they lie. This circumcrescence as a rule 
progresses most rapidly on the ventral side, so that the two entoderm- 
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bands unite first in the ventral middle line and only later in the 
dorsal middle line. The food-yolk in this way comes to lie entirely 
within the rudiment of the enteron (p. 336). 

In the Mxucidae (and in a few other forms) the whole of the food-yolk is not 
taken into the enteron, but a small amount remains in the body-cavity anteriorly 
and posteriorly, and is there absorbed. 

KowALEVSKY has already pointed out that it is only the median 
portions of the lower layer which are separated as entodermal rudi- 
ments at the anterior and posterior ends of the germ-band by the 
ingrowth of the stomodaeum and proctodaeum. The lateral parts 
in these regions give rise to mesoderm. Kowalevsky has therefore 
compared the formation of the germ-bands in the Insecta with their 
formation in Sagitia. This view has received thorough support 
from more recent researches made on Goleoptera (Heider, No. 38 ; 
Wheeler, No. 95). Even before the stomodaeal and proctodaeal 
invaginations ap- 
pear, the ento- ^i 
derm-rudiments A ^ / -.. 
can here be seen 
rising as a median 
growth from the 
base of the gas- 
trula-furrow (Fig. 
155), while the 
lateral mesodermal 
parts appear in the 
form of lateral 
sacs (Fig. 154 B 
and D). The 
separation of the 
germ -layers in 
the Insecta thus 
resembles some- 
what the condition 
observed in Sa- 
gittOf where the 
archenteron be- 
comes divided by 
the appearance of 
two folds into a median enteric rudiment and two lateral coelomic 
sacs (Vol. i., p. 368). The chief peculiarity in the Insecta arises 




Fio. 164.— Diagrams illastrating the formation of the germ-layers 
in Doryphora (after Wbeblxb). A, surface view. 5, transverse 
section through the anterior end of the germ-band at the 
level of the line oo. C^ transTerse section through the middle 
of the germ.band corresponding to the line hb. i), transverse 
section through the posterior end of the germ-band corre- 
sponding to the line cc. W, blastopore ; ec, ectoderm ; en', 
anterior U-shaped entoderm-rudiment ; en", posterior U>shaped 
entodenn-rudiment ; m«, meaoderm. 
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from the great lengthening of the gastrula-invagination. We may 
assume with Eabl* for the median invaginating plate a median 
unpaired entoderm-band and paired mesoderm-bands. The entoderm- 
band is, however, dragged apart to form an anterior and a posterior 
portion by the great lengthening of the furrow (Fig. 154, en', c»"), 
so that over the greater part of the germ-band the two lateral 
mesoderm-bands meet one another in the median line. 

The view just mentioned would receive important support from the statement 
of BOtschli (No. 12) that, in the formation of the germ-layers at the posterior 
end of the germ-l)and of Muscat the archenteron actually becomes divided up at 
a certain stage through the formation of folds into three connected diverticula ; 
of these diverticula, the unpaired median one is to be regai*ded, just as in 
SagiUay as the entoderm-rudiment and the paired lateral ones as the mesoderm- 
rudiment (coelomic sacs). Since, however, the more 'recent works on the 
ontogeny of Musca do not confirm this statement, and the conditions described 
may, as we shall see, perhaps be interpreted in another sense, we must leave 
this point for the present undecided. 

The statements made by Kowalevsky (No. 49) with regard to the formation 
of the germ-layers in Musca have been only partially confirmed by the later 
researches of Yoeltzkow (No. 85) and Grabsb (No. 28) on the same animal. 
Accoi'diug to VoBLTZKOW, the stomodaeal and proctodaeal invaginations grow 

inwards from the base of the 
*^ ^tf _ gastrula-furrow, and therefore 

belong, not to the ectoderm, 
but to the lower layer. The 
anterior and posterior entoderm- 
rudiments are said to arise by 
the proliferation of cells from 
the blind ends of these two 
invaginations. Graber (No. 
28), indeed, has confirmed 
Kowalevsky's statements for 
the anterior entoderm • rudi- 
ment, and also assumes the 
ectodermal origin for the stomo- 
daeum. As to the proctodaeum, 
on the contrary, and the posterior entoderm-rudiment, Graber entirely agrees 
with VoBLTZKOW, w^ith the single exception that, for the growth of the pos- 
terior entoderm -i-udimcnt, he claims not only the blind end, but a long baud 
of the ventral side of the proctodaeum. AVe may here object to this view of 
Yoeltzkow and Graber that if, in reality, in the Muscidae^ a posterior section 
of the intestine arose by invagination from the lower layer, we should not be 
able to call it the proctodaeum, for in that case we should not be able to regard 
it as homologous with the similarly-named section of the intestine of other 
Insects, in which it forms, as in all other animals, from the ectoderm. It, 
however, appears to us that the sections of the posterior end of the germ-hand 
of the MuscidaCf which are in any case difficult to understand, can be more 

* Theorie des Mesoderms. Morph. Jahrh, 1889. 




Fio. 155.— Diagram illastnting the separation of the 
germ -layers in the mcwt anterior region of the 
germ-band of Hydrophilus^ trantverse section (after 
Hbidbr). dzj yolk-cells; ec, ectodenn; en, ento- 
denn ; iiw, mesoderm. 
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satisfactorily explained by interpreting the parts differently, as Gkabbu for- 
merly did (No. 27). We may perhaps assume that, in the AfuscicUie, as in 
Chiron(nnus, the posterior end of the germ-band not only sinks into the yolk, 
but also makes a hook-like bend inwards, so that the germ-band in transverse 
sections of this region is cut through three times. In this way, the posterior 
end of the germ-band, sunk into the yolk, and the part lying in reality anterior 
to it, but in transverse section appearing on the dorsal side of the egg, are, 
by means of the still open gastnila-groove, in communication in such a way 
that, in a series of transverse sections, the lumina of portions of the gastrula> 
furrow belonging to these two parts flow together, thus yielding the peculiar 
dumb -bell -shaped figure. By this assumption, the invagination which 
VoELTZKOW and Ghabkr (No. 28) eri-oneously held to be the proctodaeum 
would more correctly appear as the so-called germ-prominence (p. 276), and 
the lumen of this invagination would then 
have to be considered as the amniotic 

cavity, and the aperture at its dorsal side, » 

not as the anus, but as the aperture of 
that cavity. The proctodaeum seems to 
appear only later in the form of an invagi- 
nation from this cavity. This view is 

supported throughout by Ritter*8 obser- ' 

vations of the development of the procto- 
daeum (No. 71). 

We must here mention Grader's view * 

of the presence of a lateral gastrulation in 
the Miiscidae. Graber finds, in the germ- 
band of the MusddaCy near the median or 

principal gastnila - furrow, lateral folds - 

which ai*e specially marked in the most / 

anterior and posterior parts of the germ- 
band, and which are said to give off 
elements to the lower layer. These i)aired 
folds, which were already known to 
BtJrscHLi (No. 12) and Voeltzkow (No. 
85), and which mark the lateral edges of 
the germ-band, are, according to Grabkr, 

supplementary gastrula • furrows which . 

serve the purpose of supporting the gas- ^ 

tnila-furrow in its plastic activity in the 
formation of the lower layer. Graber has, 
however, not proved that elements are 
given off from these lateral folds to the 
lower layer. Since it was already known 
to Voeltzkow that, in the stage under 
consideration, the portion of the blasto- 
derm not taking part in the formation of 
the germ-band shows a great tendency to 
the fonuation of folds, these folds probably 
come under this category, and ought not 
to be regarded as connected with the 
further development of the embryo. 



Fig. 156.— Flaak-sbape gastruIa-Btage 
of Chdicodcma (after CARRifeRB). 
/, folds which bound the middle 
plate laterally (lips of the blasto- 
pore) ; m, the partly segrnented 
middle plate (here mesoderro-rudi- 
ment); «, the segmented lateral 
plates (later ectoderm of the germ- 
bend); ty, anterior ento<ierm- rudi- 
ment; Ae, posterior entoderm -rudi- 
ment. 
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The formation of the germ-layers in the Hymenoptera seems to 
deviate somewhat from the common type. Eowalevskt and Grassi 
(No. 32),* indeed, agree that here also the entoderm originally forms 
a part of the lower layer. But the separation of the entoderm from 
the mesoderm in ApU takes place in such a way that the two ends 
of the lower layer hend over the dorsal side of the egg, and the 
anterior and posterior entoderm-rudiments which have thus come 
to lie on the dorsal side grow towards one another. When the 
two rudiments, which here also are horseshoe -shaped, have met 
and fused, the circumcrescence of the food-yolk hegins; in this 
case the process thus starts from the dorsal side and is completed 
on the ventral side. It results from this that the layer of entoderm- 
cells in Apia at first does not lie below the germ-band, but on the 
dorsal side of the egg below that flattened epithelium which, arising 
from the amniotic fold, provisionally completes the dorsal surface 
(p. 287). 

The condition of the entoderm-nidimont in Chalioodama is somewhat similar 
(CARRikRE, No. 18). Here also the entoderm -bands do not lie below the germ- 
band, but extend l)eyond the latter towards the dorsal side of the egg. As to 
the first separation of the germ-bands, GARRifeUE amved at views approaching 
those just described, but still revealing in the case of Chalieodoma a peculiar 
type. The middle plate (m), which becomes invaginatod by the formation 
of the gastrula-furrow, and which, like the lateral plates, shows signs of 
segmentation at an early stage, is hero said to yield the mesoderm exclusively, 
while the anterior and posterior entoderm-rudiments {ve and he) arise from 
a growing zone closely succeeding the middle plate, in the region of which the 
separation of the mass of eutodenu-oells by delamination from the superficial 
cell -layer which remains in continuity yMi the ectoderm takes place. 

We have still to mention the yolk-celU and the secondary cleavage 
of the yolk. The yolk-cells are elements scattered in the food-yolk, 
some being cells which remained in the yolk at the time when the 
blastoderm formed (Fig. 131 C and Z), z, p. 265), and some having 
reached the yolk by subsequent immigration from the blastoderm 
and iU derivatives. Graber first pointed out the immigration of 
cells from the lower layer into the yolk, and his observations have 
been confirmed by other authors. In individual cases, indeed (c.^., 

* Grassi's researches mark a turning-point in the conception of the formation 
of the germ-layers in the Ineecta. It must be recorded to his ci-edit that he 
was the first to op]K>se the universal opinion of the time that the yolk-cella 
represented the actual entoderm of the Insecta, and to prove that the entoderm 
is a part of the lower layer. The presence of an anterior and a posterior 
entoderm -rudiment was also correctly made out by him. His views were 
adopted only later by Kowalevsky (No. 49) and Heider (No. 37), though 
it should be pointed out that the views put forward by Kowalevsky in his first 
treatise nearly coincided with what is now known to be the actual condition. 
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in Meloloniha\ these later immigrated cells are said to be clearly 
distinguishable by their histological character from the cells origin- 
ally found in the yolk. 

The yolk-cells are distributed in a regular manner through the 
food-yolk. Their principal function appears to be digestive, particles 
of food-yolk being taken up by these cells and changed in such a 
way as to render the yolk assimilable by the growing cells of the 
embryo. This leads, after the development of the germ-band is 
completed, to the marking-off of the territories belonging to the 
individual yolk-cells, and this process has been described as secondary 
yolk-cleavage (Fig. 158 C-Fy p. 321; Fig. 135, p. 273). In indi- 
vidual cases (ApiSy Mused) such cleavage, however, seems not to 
occur. The yolk -cells can still be recognised in the completely 
developed enteron in the remains of food-yolk which fill it, and 
here they gradually disintegrate. 

It Tvas long considered by followers of Dohrn, Balfour, and Hertwio that 
the yolk-cells represented the actual entoderm of the Insecta, as It was thought 
that these cells finally became arranged at the surface of the food -yolk to form 
the enteric epithelium. This view has to be relinquished in face of the more 
recent researches, on which the account of the formation of the germ-layers 
given above is founded. It appears that the yolk-cells do not in any way 
take part in the formation of the embryo. It was indeed suggested in several 
quarters that they gave rise finally to blood-corpuscles or parts of the fat-body 
(DoHRN, No. 21, TiCHOMiROFF, No. 79, and especially Will, No. 97). A 
iinnil)er of more recent authors, however, oppose this view, and maintain that 
the yolk-cells, after having fulfilled their function as viteUophags, 8im])ly 
disintegrate. This last view seems to us the most probable, since another 
origin has been proved for the fat-body and the blood-corpuscles (p. 341). 

Bearing in mind the statements made above in connection with the Crustacea 
(Vol. ii., p. 144), we may probably regard the yolk-cells as an abortive portion 
of the entoderm. 

[Recent observations have once more rendered uncertain the origin of the 
mesoderm, the nature of the epithelium lining the alimentary canal, and the 
tnie significance of the primitive groove. Thus Heymons (Nos. XV. and XX. ), 
states that in the Orthoptera, tne ento-mesoderm of other authors is to be 
regaidcd as consisting of mesoderm only, the lining of the definitive alimentary 
canal arising from the ectodermal epithelium of the stomodaeum and procto- 
daeum. He further states that the primitive groove (blastopore of authors) 
may be completely wanting, and even when present is not to be regarded as 
connected with gastrulation. L^caillon (No. aXIX.) finds that in the Chryso- 
melidae the whole alimentary canal is ectodermal. These two authoi-s think 
that the higher Insects exhibit no entoderm in the alimentary canal of the 
adult, while m the lower forms (Heymons, No. XYL, Lepisma) the enteron arises 
from the yolk-cells. On the other hand, Bt^ROER and Carri^re (No. II.), with 
whom Wheeler agrees, are fully convinced that a true enteron exists in 
Chalicodoma^ and entirely dissent from Heymons* views. They show that the 
entoderm arises from the undifferentiated blastoderm, and that the stomodaeal 
and proctodaeal invaginations arise from the superficial layer of blastoderm- 
cells, the only layer that can properly be called ectoderm. See also Heidbr 
(No. X.).— Ed.] 
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7. Further development of the Mesoderm. 
' Development of the Body-cavity. 

We have seen (p. 271) that an invagination running along 
the whole length of the germ-band gives rise to a layer of cells, 
which soon extends on the inner side of the germ-band and so forms 
a second, lower layer (Fig. 158 C), From this layer, at the anterior 
and posterior extremities of the germ-band, the entoderm becomes 
separated and becomes closely applied to the stomodaeal and procto- 
daeal invaginations which have meantime arisen. The remaining 
and by far the largest part of the lower layer may, from this stage 
onward, be considered as mesodemi. 

An arrangement of the latter into two lateral bands (mesoderm- 
bands) now takes place, its cells withdrawing more and more from 
the median line (Fig. 158). This withdrawal from the median 
line is, however, not complete. Into the space between the two 
mesoderm-bands the yolk often thrusts itself, giving rise to the so- 
called median ridge. Segmental cavities {cavities of tfie primitive 
segments^ us) now appear in the lateral parts of the mesoderm, and 
the mesoderm-cells become arranged as an epithelium round these 
cavities and form the wall of the primitive segments or coelom^acs. 

The cavities of the primitive segments arise, as a rnle, by a splitting of the 
mesoderm. Heidku (No. 88) thought that in the case of Eydrophilus he had 
convinced himself that they arose merely by the widening of a slit, which was 
already recognisable at an earlier stage between the two layers of the mesoderm, 
and which could be traced back to the lumen of the archenteron compressed 
dorso-ventrally. Graber (No. 30), however, in his more recent investigations 
on this point, was not able to satisfy himself of the persistence of these slits. 
On the other hand, Heideb's view has been confirmc<i by CARiiifeRB (No. 13) 
in the case of Chalicodoma. Tliese observations afford support to the view first 
adofited by 0. and R, Hebtwig that the cavities of the primitive segments 
in the Insecta represent paired diverticula of the archenteron. 

The large primitive segments of Phyllodromia arise in a different manner 
from those of Hydrophiltta, The mesoderm of the germ-band is here at first 
only a single layer of cells. This simple layer, as the limb- rudiments develop, 
seimrales with the ectoderm from the surface of the food-yolk, and cavities thus 
arise in every segment, these cavities, suiTounded by mesoderm -elements, 
becoming the closed coelomic sacs (Heymons, No. 43). 

The parts of the mesoderm lying laterally in the germ -band are used in the 
fonnation of the primitive segments (Fig. 168 Z> and E), Not all the meso- 
dermal elements, however, enter into their formation. Some of the mesoderm- 
cells which lie nearer the median line always remain distinct {cf. Fig. 157 -4, m). 
The gi'eater the size of the primitive segments, the smaller is this remainder, 
and vice versd. These elements are irregularly arranged and represent a kind 
of mesenchyme. 

It was iwinted out by Heider (No. 38), and recently by Graber (No. 30), 
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Fig. 157.— Transverse sections throagh the abdominal region of three consecutiTe stages in 
development of Phyllodromui germanica (after Hkymons). am, amnion ; hg, rudiment of 
the ventral chain of ganglia ; c, coelomic cavity ; c', dorsal, and (/', ventral portion of the 
coelomic cavity ; <», cells of the primitive segments which become applied to the genital 
rudiment ; d, food-yolk ; cfw, dorsal wall of the coelomic sac ; ec, ectoderm ; ep, epithelial 
cells; ex, abdominal limb-rudiments; /, rudiment of the ftit-body ;7^«,1 genital cells; 
Iw, lateral wall of the coelomic sac ; m, mesoderm-cells which do not^ take part in the 
formation of the coelomic sacs ; mw, median wall of the coelomic sac ; so, somatic mesoderm- 
layer ; vm, ventral longitudinal muscle. 
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that the boundaries of the consecutive primitive segments which are marked 
by dissepiments do not always exactly coincide with those of the segments 
of the germ-band. This is especially noticeable in later stages, and is caused 
by the former shifting a little in position. 

As a rule, each tnie segment of the primary trunk has a pair of primitive 
segments. Besides these, a pair of coelomic sacs develops in the primary 
cephalic region in BlcUta (Cholodkowsky, No. 19), in Stenobothrus and Mantis 
(Graber, No. 30). These sacs would correspond to the cephalic cavities in 
Peripatus (p. 199). The Orthoptera also appear to have a pair of coelomic sacs 
in the terminal segment (Cholodkowsky). In Hydrophilus^ on the contrary, 
the coelomic sacs are not only wanting in the cephalic and anal regions, but 
appear suppressed in the mandibular segment, and their development is delayed 
in the first maxillary segment (Heider). 

The coelomic sacs vary greatly in size in the difiFerent groups 
of Insects. They develop to the greatest extent in the Orthoptera 
(Fig. 157), in which almost the whole cell-material of the meso- 
derm is used up in their formation, and in which, according to 
Cholodkowsky (No. 19), Graber (No. 30), and Hetmons (No. 43), 
the conditions under which the coelom develops bear considerable 
resemblance to those described in connection with Peripatus (p. 199 
et seq,). The very extensive cavities of the primitive segments which, 
in the Orthoptera, reach into the limb-rudiments also (Fig. 157 J5, ex)^ 
at a later stage are broken up by constrictions into dorsal and ventral 
halves (Fig. 157 -S, c\ c"). The ventral halves (c'), which extend 
into the limb-rudiments, soon degenerate (Fig. 157 C), the cells 
of their walls losing their epithelial continuity and becoming 
irregularly grouped like a mesenchyme. The shifting apart of these 
cells and their separation from the surface of the food-yolk then 
gives rise to the permanent body-cavity. The dorsal halves of the 
cavities of the primitive segments, on the contrary, are long retained 
(as will be seen below, p. 338) and play an important part in the 
development of the layer of intestinal fibres, the heart, the peri- 
cardial septum, and the genital organs. 

In the higher groups of Insecta (the Coleoptera, Lepidoptera, and 
Hymenoptera), the primitive segments no longer form on such an 
extensive scale (Fig. 158 D-F^ us). They are here comparatively 
small sacs lying in the lateral parts of the germ-band, and correspond 
to the dorsal parts only of the coelomic sacs of the Orthoptera. The 
ventral parts are here from the very first replaced by mesenchyme. 
There are consequently, in these forms, no coelomic diverticula in 
the limb-rudiments. 

In the Miiseidaef the development of coelomic sacs is apparently completely 
suppressed (Graber, No. 28). We find their equivalent here in diverticula, 
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322 INSBCTA. 

which appear at a comparatively late stage and ran out from the definitive 
body-cavity. 

The mesoderm-bands, which become separated, unite again later, the mesen- 
chyme-cells from the one side becoming closely applied to those from the other 
in the median line. After the median yolk-ridge degenerates, a cell-accumula- 
tion often forms here (Fig. 158 ^ ; this extends below the rudiment of the 
ventral chain of ganglia and owes its origin to the mesenchyme-ccUs. It is this 
cell-strand which has been called by Nusbaum (No. 57) the chorda of the 
Insecta. It is finally used up in the formation of connective and other 
mesodermal tissues. 

The permanent bodycavUy of the Insecta arises quite independ- 
ently of the coelomic cavities, by a separation of the germ-band 
from the yolk (BOtschli, No. 11, Fig. 158 F, I). It appears to be 
bounded on the one hand by the surface of the food-yolk and on the 
other by the irregularly arranged mesenchyme-cells. We can at first 
distinguish in section three distinct subdivisions of the body-cavity 
(Hydrophiltis, Heideb) : a median space and two large paired, lateral 
spaces which unite later with one another, and with other lacunae 
which have arisen by the shifting apart of the mesenchyme-cells 
(6.(7., in the limbs). We may trace back the spaces of the permanent 
body-cavity, as in Peripaius (p. 201), to the primary body-cavity or 
cleavage-cavity. It becomes apparent as a series of lacunae in the 
mesenchyme and everywhere shows the character of a pseudocoele 
(c/. Introduction, Vol. i, p. 11). 

In later stages of embryonic development, the coelomic sacs and 
the permanent body-cavity enter into communication (Fig. 167 A^ 
U8, Ih). The consecutive coelomic sacs first fuse together through 
the degeneration of the transverse dissepiments that separated them ; 
a slit then opens in the median wall of the coelomic sacs and 
connects their lumina with the permanent body-cavity. In the later 
transformations undergone by the wall of the coelomic sacs, the 
latter can no longer be recognised as separate sections of the whole 
body-cavity. 

8. The Formation of Organs. 
A. Outer Integument. 
The hypodermis arises by direct transformation from the cells of 
the ectoderm. In' later embryonic stages, the cuticle of the youngest 
larval stage is secreted at the surface of the hypodermis. The 
accessory structures, such as hairs, setae, etc., rise from specially 
large hypodermal cells (seial mother-cells^ Tichomirofp, No. 78). 
Similar cells {scdLe mother-cells) give rise in the pupae of the 
I^pidoptera to the scales of the wings (Semper, No. 126). 
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B. Endo-skeleton. 

The endo-skeleton of the head {teniorium) develops out of two 
pairs of ectodennal invaginations ; the anterior invagination develops 
on the inner side of and somewhat in front of the mandible, the 
posterior within and somewhat in front of the second maxilla. 
The anterior pair becomes connected with the posterior and gives 
off two supporting columns which ascend on the inner surface of the 
clypeus towards the dorsal side. The median fusion of the posterior 
pair leads to the bridging over of the sub-oesophageal ganglion and, 
in many Insects, a transverse trabecula is thus formed in the cavity 
of the posterior part of the head (Tichohihoff, Grassi, Patten, 
Heider, Carri^rb). 

Similar ectodermal invaginations bring about the development of 
a chitinous tendon for the flexor mandibulae and a similar smaller 
tendon for the antagonistic muscle. 

' Hatschek (No. 36), who was unaware of the relation of these invaginations 
to the hard structures of the head, thought them to be tracheal invaginations. 
They have been regarded in the same way recently by Carbi^re (No. 13). 
Since this kind of endo-skelcton is found in other groups {e,g.y the Crustacea, 
Vol. ii., p. 160), and the hypothetical transformation of a trachea into an cndo- 
skeletal structure of this kind involves the idea of a considerable change of 
function, we do not consider the homology between the invaginations under 
consideration and tracheal invaginations sufficiently well established. We arc 
inclined to regard the former as structures of a distinct character, all the more 
so that they do not by any means everywhere agree so closely in position ¥rith 
tracheal stigmata of the following segments as they do in Chalieodoma,^ 

0. The Nervons System. 

All the parts of the nervous system are derivatives of the 
ectoderm and appear in the embryo as ectodermal thickenings. 
The rudiment of the ventral chain of ganglia is found, as was first 
shown by Hatschek, soon after the gastrula-invagination closes, in 
the form of two longitudinal ectodermal thickenings running on 
either side of the median line. These are the so-called primitive 
swellings (Fig. 147 -4, p. 297), which extend from the cephalic 
region to the terminal segment and show between them a median 
depression, the primitive groove (Fig. 158 C, pr and pw). Soon 
after the appearance of the primitive swellings, the first signs of 
segmentation can be seen on them, the swellings being thicker near 
the middle of the body-segments than at their boundaries. The 
primitive swellings pass anteriorly at the sides of the oesophageal 

• [Cy. footnote, p. 78.] 
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invagination (rudiment of the oesophageal commissures) on to the 
cephalic segment, and from the first are directly connected with 
the rudiment of the hrain which develops from a thickening of the 
cephalic lobes. This character has recently been specially emphasised 
by Fatten (Xo. 67), and has also been maintained by Heideb 
(No. 38) and Grabbr (No. 30) against Will (No. 97), who considers 
that the brain-rudiment of the Aphidae (neural plate) arises inde- 
pendently and becomes connected with the rudiment of the ventral 
chain of ganglia through the oesophageal commissures which arise 
only secondarily as in the Crustacea (c/. Vol. ii., p. 160, footnote). 

The widenings of the primitive swellings in the segments give 
rise to the ganglia of the ventral chain, and the inter-segmental 
constrictions to the paired longitudinal commissures. 

Transverse sections (Fig. 158 C, p. 321, and Fig. 135, p. 273) 
show that the ectoderm becomes multilaminar in the region of the 
primitive swellings {pio). At a later stage, the lower layers separate 
by delamination from the superficial layers (Fig. 158 D-F^ s) and 
form the so-called lateral cords, t.e., the rudiments of the longitudinal 
strands of the ventral chain of ganglia. The primitive groove (pr) 
deepens meantime and forms an invagination extending between the 
lateral cords. The cells at the base of this invagination represent 
the so-called middle cord and give rise in the middle of the segments 
to the transverse nerve-commissures of the different pairs of ganglia 
(Hatschek). 

With regard to the condition of the middle cord in the inter-ganglionic 
region, opinions are still divided. Hatsohek*8 view that the primitive groove 
flattens out in this region, its wall being used up entirely for the formation 
of hypodermis, has been generally accepted, but Graber maintains (No. 80) 
that in this region also a median cord splits off which degenerates at a later 
stage. 

The nerve -fibrillae arise first on the inner or basal surface of the lateral 
strands and the middle strand. Secondarily, by shifting their position, they 
become enveloped by ganglionic cells {ef. on a similar condition in the Crustacea^ 
Vol. ii., pp. 160 and 161). 

Leydio stated that, in many Insects, there is a double transverse commissuro 
in each of the ganglia of the ventral cord, and a corresponding double rudiment 
has been repeatedly shown to exist in the embryo (Patten, No. 66 ; Ayers, 
No. 1 ; Heidbr, No. 38 ; Wheeler, No. 95 ; Grabbr, No. 30). No detailed 
accounts have as yet been given of the manner in which the nerves given off 
peripherally by the ganglia of the ventral cord arise. 

The ventral diaphragm bridging over the ventral ganglionic chain (Fig. 
167 '^j dv, p. 340), which has been observed in many Insects, is derived by 
KoROTNEFF (No. 47) from the mesoderm, but Heider (No. 38) believes that 
he was able, in HydrophiluSf to trace its origin back to ectoderm-cells lying 
laterally to the rudiments of the ganglia. 
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An unusually regular arrangement of the cells is shown in sections 
through the rudiments of the ventral cord in many Orthoptera (Fig. 
159). Whbelbr (No. 94) has recently recognised as "neuroblasts" 
four large cells (n-n) lying on each side on the surface of the lateral 
cords in Xiphidium; these cells, by repeated tangential division, 
give rise to the ganglionic cells, which are consequently arranged 
in vertical columns (z), Grabbr (No. 30) and Viallanbs (No. 84) 
have observed similar phenom- 
ena, the former in iSfenofto^/inw n^ n^ ^ 
and the latter in Mantis.* 
The middle cord, according to 
Wheeler, has neuroblasts (m) 
only in the ioterganglionic 
region; these, however, soon 
shift to the posterior side of 
the transverse commissures. 
In any case, as Wheeler has 
pointed out, the presence of / ^ 

eight longitudinal rows of Fio. 159.— Transverse section throuRh the nidi- 

neuroblasts points back to a ™®'** ^' ^^® ^■®"*™* ^°^ °' xipkidium, (after 

. J. . -1 Wheeler). /, fibrous tissue in transverse sec- 

Similar condition in the Anne- tlon ; m, nenroblast-cells of the median cord ; 

lida, where only two such rows, »»»-^- neuroblasts of the Uiteral cords ; ., 

^ '^ ' column of ganglion -cells proceeding firom the 

produced from neuroblasts, are neuroblasts. 
found (Vol. i., p. 294). 

The rudiments of one pair of ganglia of the ventral chain originally 
appear in each of the sixteen segments of the primary trunk. Fusion 
may occur between these rudiments later, and may bring about an 
apparent reduction in their number. The ganglia of the three 
maxillary segments, for instance, unite to form the sub-oesophageal 
ganglion, and the last pairs of abdominal ganglia fuse in varying 
numbers, shifting further forward at the same time. \n individual 
eases (e.^., many Diptera), a considerable concentration of the 
ventral cord is brought about by the fusion of consecutive pairs 
of ganglia. 

The brain (aupra-oesophageal ganglion) develops in the anterior 
region of the expanded cephalic lobes. We can, at an early stage, 
distinguish in the brain-rudiment the following sections: — 

1. Paired thickenings of the ectoderm running forward at the 

* [BCroer (No. II.) finds that the ganglionic cells in CJialicodoma arise 
similarly from neuroblasts, but the arrangement is not so regular as that 
observea by "Whekler in Xiphidium and Doryphora. — Ed.] 
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sides of the oral aperture into the anterior cephalic region, which 
represent direct prolongations of the primitive swellings (Fig. 160, 
b^, b^, b^), and from which are derived those parts of the brain 
known as the primary ganglia, and named hy Viallanbs the proto- 
cerebrum, deutocerebruni, and tritocerebrum. These swellings become 
early separated as three consecutive hrainnsegments. Patten (No. 67) 
has the merit of having first drawn attention to this segmentation. 

2. A large ectodermal thickening lying laterally to the swellings 
in the cephalic lobes just mentioned (Fig. 160 -4, og). This is the 
rudiment of the optic ganglion, which exhibits in its postero-extemal 

H 



t 

i 



Fio. 160.— Diagnm of the development of the bimin in AdXiui (after Fattbit). A^ anterior 
end of the germ-band of an AdlixiA embryo. £, the same in three -qnarter profile, 
at, antenna ; &i, flrst, &3, second, \fi, third segments of the brain ; i, invagination of the 
optic ganglion ; ii, anterior, t^, posterior portions of the invagination ; Z, paired radiment 
of the upper lip ; m, mouth ; md, mandible ; niz', first, •nvxf\ second maxilla ; oq^ optic 
ganglion ; og\ first, oq\ second, ogS, third segment of the optic ganglion ; op^ optic plate ; 
i-&, rudiments of the six larval eyes ; I-IV^ the four anterior s^ments of the ventral 
chain of ganglia ; /, that belonging to the pre-mandibular segment (?) ; //, that belonging 
to the mandibular segment ; /// and IV ^ those belonging to the first and second maxillae. 

region a semi-circular ectodermal invagination (t, Patten's ganglionic 
invagination), which yields further elements for increasing the optic 
ganglion, and corresponds in position with a similar invagination 
found in the Decapoda (Vol. ii., p. 171) and the Arachnida (pp. 12 
and 63). 

The part of the ectoderm lying externally to this invagination (Fig. 160 A^ op) 
also becomes thickened, increases considerably in extent, and yields at a later 
period a large part of the cephalic integument and the rudiments of the eyes ; 
it is therefore known as the o^tic plate. 
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The separation of the brain-rudiment from the ectoderm, like that 
of the lateral cords, takes place by a process of delamination. An 
exception to this rule is found in the composition of the optic 
ganglion, which is formed from the invagination described above. 
The fibrous tissue of the brain develops here as in the lateral cords, 
first on the inner surface of the brain-rudiment, and only later sinks 
into the interior of the brain and becomes surrounded with a layer 
of ganglionic cells. 

The rudiments of the two halves of the brain are originally 
distinct from one another. Later, when the dorsal part of the head 
has formed, the two halves of the brain shift on to the dorsal side, 
approaching one another until, finally, with the assistance of a 
median invagination (like the transverse commissures of the ganglia 
of the ventral cord), a commissural connection is established between 
them (Grassi, No. 32 ; Hbider, No. 38 ; Orabbr, Nos. 28 and 30), 

The most important recent details of the development of the brain in the 
Inaecta hare been^ giyen by Fatten (No. 67) for Acilitis^ and by Yiallanes 
(No. 84) for Mantis. According to Pattbn, the whole head-mdiment shows 
signs of being composed of three segments (Fig. 160), this segmentation affecting 
not oaJy the primary parts of the brain-mdiment, but also the nidiments of the 
optic gan^ion and of the optic plates. 
On the three consecutive segments ^^ 

into which the optic plate {op) is thus '" 

divided, the nulimonts of the six 
ocelli of the larva are distributed in 
Acilius, two ocelli occurring on each 

segment (Fig. 160 A, 1-6), In the f 

shifting of the separate parts of 
the rudiment of the head, which 
takes place at a later stage in con- 
nection with the development of 
the cephalic terga, as above men- 
tioned (p. 802), changes occur in the 
position of the ocelli with regard to 
each other, but these we cannot here 
enter upon. The invagination above 

described also, which participates in Pio. 161.— Anterior (ventral) aspect of the 
the formation of the optic ganglion, derelopwl bnin of Oedipoda (after Vial- 

;- i>*/vi,«» «« .^wwv.^;«» *« i>..^»^r i.A»«B). c, circam- oesophageal oommis- 

is broken up, according to Patten, .are ; C. transveme commissure behind the 

into three sections corresponding to oesophagus ; dc, deutocerebrum ; yo. optic 
the segmentation of the brain (Fig. ganglion; //, labro-fh>nfal nerve ; na', an- 
160 -5, i\ i*); in Aeilius, only the *«»"** nerve; na", accessory antennal 

two anterior sections can be recognised "•^^ ' ~t"*™ ^' ^^\ three ocelli ; pc^ 
,. ,. , . ... , ., .. protoecrebmm ; r, root of the paired 

as distinct invaginations, while the storaato.ga8tricganglion;fc,tritocerebrura. 

third is replaced by a solid ingrowth. 

Patten's statements have been almost entirely confirmed by Wheeler 
(No. 95) in the case of Donjphora. CAiiBikBE's (No. 13) observations also 
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teem to confirm Patten's views. Heideb (No. 38) and Gkaber (No. 30), 
however, although convinced of the presence of a primary segmentation of the 
brain {b^-t^) in Hydrophilus, were unable clearly to recognise it in the optic 
ganglion and the optic plate. A comparison with the condition in other 
Arthropoda, especially in the Crustacea (Vol. ii., p. 162 et seq.)^ also supports 
the view that the optic ganglion is a secondary section of the brain belonging 
exclusively to the most anterior part. This view is in agreement also with the 
recent statements of Viallanes (No. 84) with regard to Mantis. According to 
this author, the primary part of the brain breaks up into three sections, corre- 
sponding to the protocerebrum (pe), the deutocerebrum {dc), and the trUocerdfrum 
{tc) of the adult Of these, the protocerebrum is connected with the optic 
ganglion (go) and also yields the nerves to the ocelli (no), as well as the dorsal 
integumentary nerves ; the deutocerebnim yields the antennal nerves {na* and 
na"), while the tritocerebrum gives off the labro-frontal nerves {If) which are 
connected with the fi-ontal ganglion. In the rudiment of the optic ganglion, 
ViALLANES could Only recognise a division into an outer and an inner part 
{premier lobe protooiribral and devaieme lobe protociribral). Cholodkowskt 
also (No. 20) observed the segmentation in the brain of Phyllodromitu He, 
however, considers the optic ganglia as belonging to the third segment of tlie 
brain. 

The above considerations incline us to regard the primary cephalic region as 
being derived from three fused segments. Of these the most anterior would 
have to be called the true primary cephalic segment. The segment of the brain 
belonging to it (the protocei*ebrum) would be the homologue of the Annelidan 
brain derived from the neural plate. The second cephalic segment which we 
should have to identify with the antennal segment* would have to be regarded 
as a post-oral trunk-segment which has shifted forward secondarily (p. 295), and 
the third cephalic segment would also have to be regarded in a similar manner, 
being followed eventually by the hypothetical pre-mandibular segment and then 
by the mandibular segment. 

Taking into account what has just been said, it must appear remarkable that, 
so far, observers have been able to find only one pair of coelomic sacs in the 
primary cephalic region (p. 320). This pair, according to Cholodkowsky, 
belongs to the antennal segment into the appendages of which it is prolonged. 
We should have to assume that the pair of primitive segments between these 
coelomic sacs and those of the mandibular segment have been secondarily 
suppressed. 

It should be mentioned that the frontal ganglion and the unpaired oesophageal 
nerve connected with it are independent structures which only secondarily enter 
into connection with the braui. 'They owe their origin to an ectodermal 
invagination which belongs to the anterior wall of the oesophageal depression. 
TJiis invagination yields tlie material for the formation of the frontal ganglion 
and the oesophageal nerves (H eider, No. 38 ; CARRifeRR, No. 18). 

* It should be mentioned that Patten (No. 67) and CarriIcre' (No. 18) 
reckon the antennae as belonging to the third brain -segment. [BOrger, in 
his work on Chalicodoma (No. II. ), based largely on CARRiteRE's notes, claims 
the antennae as belonging to the deutocerebral segment. A pair of minute 
evanescent appendages were found by Caret feRE on the protocerebral and 
another pair on the tritocerebral segment It is thus evident, from his post- 
humous work, that Carri^re had ceased to reckon the antennae as belonging 
to the tritocerebrum. — Ed.] 
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D. The Sensory Organs. 
The Ocelli. 

Detailed accounts have recently been given of the development of 
the ocelli by PaTtbn (No. 67). There are, on each side, six ocelli 
which, according to Patten, are distributed in three pairs on what 
he assumes to be the three most anterior cephalic segments. The 



Fio. 162.— Two stages in the development of the fifth ocellus of an Adliua larva (after 
Pattbk). c, cuticular rods ; d, rudiment of the ehitinous lens ; A, hypodermis ; I, lentigen 
layer (vitreous body); n, nerve; r, rudiment of the retina; «p, vertical slit in the retina; 
Xf the retinal cells bordering this slit laterally. 

individual ocelli of these three pairs diflfer considerably from one 
another in structure and development, although a certain uniformity 
of type can be recognised. The fifth oceUus (the ventral ocellus of 
the third pair which, however, has shifted far forward in the larva) 
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approaches this common type the most nearly, and we shall therefore 
content ourselves hy describing its development alone. 

The rudiment of this ocellus (Fig. 162 A), at a certain stage of it& 
development) strikingly recalls the simple optic pits or cup-shaped 

* d 1 . 



V' 



Fiu. 168.— Two later stages in the development of tbe fifth ocellus of the AciliuB larva (after 
Pattkh). c2, chitinoas lens ; i, so-called pigmented iris ; 2, lentigen layer (vitreous body) ; 
», middle inverted layer of the eye ; r, retina ; gp, vertical slit in the retina ; gt, rod* ; 
X, cells bordering the vertical slit. 
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eyes found in certain Molluscs (Patella), It is a simple pit-like 
depression of a thickened part of the hypodermis. The elongate 
cells which compose the wall of this depression are arranged in a 
simple layer and, at their free ends, which are turned to the optic 
pit, carry a striated cuticular margin (c), while the^r inner or hasal 
ends give off the nerve-fibres which unite to form the common 
optic nerve. 

According to Patten, ' ^^ 

this apparently simple 

nidiment has arisen by / 

the fusion of at least 
four distinct pits which 
represent primary em- 
bryonic organs, and in 
structure recall the eye- 
pits on the margin of the 
mantle in Area. The 
nerve correspondingly 
shows its composition 
out of four originally 
separate bundles. 71 . , 

In later stages, the 
eye-pit closes towards 
the exterior (Fig. 162 
B)y the marginal parts 
pushing inward until 
they meet over the 
deeper parts. In this 
way the pit-like rudi- 
ment gives rise to an 
eye-cup which has by 
this process become 
hUaminar, The cen- 
tral part of the outer 
or superficial layer (Z) 
becomes the lentigen 
layer (vitreous body), 
while the peripheral 
parts become the pig- 
mented iris. The cuticular margin of these cells gradually gives rise 
to the cuticular chitinous lens (cl) of the ocellus. Laterally, the 
superficial layer of the eye passes direct into the hypodermis (h). 

The deeper layer of the eye, which still retains its cup-like curve. 




Fio. IG4.—A, mdiraent of the eyo in a Hylrophilvs lanra just 
hatched. B, a somewhat older larva (after Pattkn). e/, 
chitinous lens ; h, hypodermis ; 2, lentigen hiyer; m, middle 
layer of the optic rudiment ; «, nerve ; 0, aperture of the 
optic invagination ; r, retinal layer ; rb, rods (in A arranged 
in a single row). 
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must be considered as the rudiment of the retina (r). From its 
cuticular margin are derived the optic rods. Certain peculiarities 
characteristic of the eye of Acilivs now develop. The chief of 
these is a slit traversing the retina perpendicularly («p), which is 
bordered by the horizontally-placed rods of the large retinal cells 
(x) which lie next to it. In the further course of development 
(Fig. 163) a flattening of the cup-like cavity occurs, owing to the 
growth of the cells forming the base of the optic cup, and the rods 

belonging to these cells 

^ y^ \ consequently assume a 

. more vertical position. The 

retinal cells at the edge of 

^ the cup, on the contrary, 

^ curve inward and form an 

inverted marginal layer {nt) 
with its rods directed 
towards the base of the 
retinal cup ; these cells may 
Fio. i65.~Section through the eye of a Coieopteran ^iQ regarded as the rudiment 

larva {Dyti$cu$) (after Grknachbr, ftom Hatschbk's ^ 

Text-book), c, chitinous cuticle ; I, corneal lens ; of a third layer intercalated 

A, hypodermis; pz, pigment- cells; gk, vitreous Vpf„.ppn thp two nrinriml 
body; r, retina; 6, basal membrane. DCtween ine IWO pnncipal 

layers of the eye. 

The above would justify us in deriving the bilaminar Insectan eye from a 
three-layered eye by the atrophy or incomplete development of the middle 
layer. The origiual presence of three layers in the ocellus is, according to 
Patten (No. 66), still more distinctly recognisable in the eye of the youngest 
larvae of Hydrophilus (Fig. 164), in which the optic invagination presses into 
the optic rudiment not from the middle, but from the edge and from the dorsal 
side (Fig. 164 ^). Even in later stages a vestige of the middlie cell-layer (Fig. 
164 Bf m) is retained. According to Grenacher's observations (No. 161), the 
ocelli of certain Insects appear to remain throughout life in a much more 
primitive condition than would be expected from Patten's statements, the 
optic vesicle in them never closing completely, and the layers of retinal cells 
and of cells fomiiug the lens remaining in direct continuity with the hypo- 
dermis (e.g.t Fig. 166). 

The statements of Patten do not agree with those of Carri^irb (No. 14). 
If we rightly understand the latter author, in the development of the ocelli of 
pupae of Chrysi4idae and Ichncumonidae, the 8ei)aration of the retinal layer 
from the lentigen layer takes place by delamination, while the optic invagination 
which forms later develops according to the tyi)e of the cup-eye, and at the 
same time stands in a certain relation to the development of the corneal lens. 

The larvae of the holometabolic Insecta are, as a rule, devoid 
of compound lateral eyes (facet-eyes). These develop only in the 
gradual transition to the imaginal stage. The larvae, on the contrary. 
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possess a number of laterally placed ocelli (very often six). The 
question now arises as to the relation of the compound lateral eyes 
of the imago to the ocelli of the larva. It is certain that the latter 
degenerate and are not taken over into the imago. In the pupa of 
the Lepidoptera, the degenerating ocelli can be seen detached from 
the hypodermis, and drawn back into the interior of the larva on the 
optic nerve as on a stalk (CARRii:RE, 
No. 147). Since, at this time, the ^ 

rudiment of the compound eye can 
be seen as a hypodermal thickening, 
it might be thought that the latter 
was altogether a new acquisition. 
But, according to Patten's observa- 
tions on AciliuSy there seems to be 
a certain relation between the larval 
and imaginal eyes. In Acilius, the 
highly developed and complicated 
larval eye (the first) has a peculiar 
dorsal appendage, which perhaps 

represents the vestige of an ocellus. 5 

The hypodermal thickening, which ^o. 166. -Section through the rudi- 

,j.,, J, i.^i-1 ment of the compoond eye of Vespa 

leads to the development of the (after CARBifeRE, fh)m hat8chbk's 
imaginal lateral eye, develops first in Text-hook), i, cylindrical cells (later 

., .11 1 j*.i_. J accessory pigment-cells); f, cry stal- 

tne neignbOUrnOOa of this appendage. Une cone-cells ; 5, principal plgment- 

In later stages, this rudiment forms ^^'- ^ retinuiae ; 5, nerve which 

, , K*ve8 off branches to the different 

a thickened band which almost com- omraatidia. 
pletely surrounds the six ocelli. This 

position perhaps favours a view which regards the complex of the 
six larval eyes and the compound eye that develops later merely as 
diflferently developed parts of one and the same optical area. We 
should here recall Grenacher's view, according to which the omma- 
tidia of the compound eye on the one hand, and the ocelli on the 
other, represent merely different ontogenetic forms and grades of 
development of one and the same type of eye (chap, xxviii.). 

The frontal ocelli of the imagines of many Insecta have nothing to do with 
the larval ocelli. Against Patten's view that they may perhaps stand in nearer 
relation to the compound eyes we might adduce the independent condition of 
their innervation. These ocelli are often three in number. Patten (No. 66) 
observed in Vespa that the median unpaired ocellus is derived by fusion from 
a paired rudiment. 

The details of the development of the compound lateral eyes 
(fan-shaped or facet-eyes) are so far chiefly known in connection 
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with the pupae of the holometabolic Insecta (Diptera, Weismann, 
No. 129; Lepidoptera and H}inenopteray Carri&rb, No. 147). In 
many cases, the first rudiment of the facet-eyes, as we saw above, 
is a paired lateral ectoderm -thickening, while in others, only a 
crowding together of the individual ectoderm -cells can be seen. 
The separation of the single ommatidia (single eyes) here takes 
place exclusively through histological differentiation (Fig. 166). At 
an early stage, as described in connection with Mysis (VoL ii., 
p. 169), the single ommateal pillars and the undifferentiated tissue 
between them, which in Ve»pa form very massive intermediate 
pillars, can be distinguished. In the region of the ommatetU 
pillars the cells become arranged to form two layers, the outer 
yielding the cells of the crystalline cone {2) and the principal 
pigment-cells {S), while the inner yields the retinulae (^), which 
are connected with the nerve-fibres (5), The cells of the crystalline 
cone secrete outwardly the cuticular corneal lens, while the crystal- 
line cone develops within them in eyes of the eucone type. The 
cell^ of the intermediate pillars (i) give rise to the so-called 
accessory pigment-cells. In the course of further development the 
Qptic' rudiment thickens considerably, the single ommatidia thus 
becoming taller and narrower, and also shifting closer together. The 
retinula-cells especially gain greatly in height Pigment becomes 
deposited both in the retinula-cells and in the various pigment-cells 
which cover the outer side of each ommatidium. The development 
of the most essential features of the ommatidia seems to be thus 
completed (CARRii:RE). 

E. The Tracheal System. 
The tracheae arise as paired, segmentally arranged ectodermal 
invaginations lying laterally to the limb-rudiments (Fig. 146 J, sf, 
p. 295; Fig. 147 A st, p. 297; and Fig. 158 E, tr, p. 321). The 
tracheal invaginations are usually found developing at a somewhat 
early ^stage soon after the appearance of the limb-rudiments. It, 
however, appears from one of Grassi's observations (No. 33) that^ 
in Japyx, the tracheal system does not develop until a late embryonic 
stage. This would have to be regarded as the more primitive con- 
dition, recalling the Myriopoda (pp. 243 and 254). For since the 
tracheal system, phylogenetically considered, represents one of the 
latest acquisitions of the racial form, its early development in most 
Insects must be considered as being secondarily shifted back to early 
stages on account of its importance. 
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The originally simple tracheal invaginations (Fig. 158 E, ir) first 
^iden at their bases, and then soon give off the tracheal branches 
as diverticula, Tirhile the narrowed aperture of the invagination is 
retained as the stigmatic branch and stigmatic aperture. The two 
longitudinal trunks of the tracheal system arise from the consecutive 
tracheal invaginations; these give rise to horizontally placed out- 
growths, which grow out longitudinally until they meet and finally 
fuse with those of the next segment (BOtbghli, No. 11). Only 
in late embryonic stages is the cuticular tracheal intima secreted. 
The tracheae become filled with air, according to Weismann (No. 
87), to a certain extent even before the embryo hatches, the air 
being exuded, as it appears, from the tissues and the body-fluid. 

The further deyelopment of the tracheal ramificatioDS is brought about, as far 
as has yet been obeenred, by the continuous formation of diverticula. The 
branches which thus arise are therefore intercellular structures. On the other 
hand, it should be mentioned that the finest tracheal branches are intracellular 
canals. Although Schaffeb (No. 124a)* has correctly pointed out that the 
difference between these two methods of formation is not of any great impor- 
tance, since in both cases there is merely an increase of surface (of a cell-plate 
in intracellular origin, or of a few cells in intercellular formation), the distinc- 
tion has a certain interest when we compare the condition in Peripattis. The 
tracheae of Peripatua consist of numerous very fine tubes which, united to form 
a tuft, arise from a short funnel connected with the stigma. We may perhaps 
consider the fine tubes of Peripatus as equivalent to the intracellular and the 
funnel to the interoellnlar portion of the tracheal system of the Insecta. 

At certain stages of development the tracheae bear a strong resemblance to 
the nidiments of the salivary glands f and the Malpighian vessels. This circum- 
stance, as well as the position and number of these invaginations in the 
Hymenoptera, gave support to the view (held by BOtschli, No. 11, Grassi, 
No. 82, and to some extent also by CABRifeRE, No. \Z) that we have in the 
tracheae and these glands homologous organs. If we consider the anatomy of 
Peripaitia, we shall find that there are objections to this view. The apparently 
irregular distribution of the tracheae in PeripcUus, and the facts that glands 
(salivary and excretory) similar to those of the Insecta and perhaps homologous 
with them are also present, show that the agreement in position and in number 
is of no consequence. Above all, however, the tracheae of Peripatus in structure 
differ greatly from the glands under consideration. Even Moseley's view that 
the tracheae are transformed integumental glands, a view also held by Palm^n, 
offers many difficulties. Apart from the circumstance that, in forms that stand 
nearer to the conjectural racial form of the Tracheata, integiimental glands of 
this kind are not known to exist, the transformation of a secreting organ into 
an air-filled respiratory organ presupposes a change of function difficult to 
imagine. It is therefore most probable that we must regard the tracheal 

* Here also the literature on this point will be found. 

t In the efferent portion of many spinning glands also a spiral thread 
altogether similar to that found in tracneae develops. But the fact that a 
simuar spiral thread occurs also, for instance, in the vas deferens of the 
CytMridae shows that no weight can be laid on this circumstance (Eaufmann). 
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invagination as a stnictore sui generis, We may here point to the condition 
of the terrestrial Isopoda, in the branchial lamellae of which air-containing 
spaces altogether analogous to tracheae develop {Tylus), 

F. The Alimentary Oaiial and Intestinal Glands. 

Of the three sections of the alimentary canal, the stomodaemn, 
enteron, and proctodaenm, the first and third arise as ectodermal 
invaginations. In most cases the rudiment of the stomodaeum 
appears in the germ-hand somewhat earlier than that of the procto- 
daeum (p. 294 and Fig. 145 C, m, p. 291). The musculature of 
these sections is yielded hy the surrounding mesoderm. In the 
stomodaeal invagination ca unpaired dorsal depression soon appears, 
from which are derived the frontal ganglion and the oesophageal 
nerve (p. 328). 

The actual ectodermal character of the fore- and hind-guts has heen established 
with considerable certainty by the unanimous testimony of observers, and by 
comparison with the conditions in other groups of Arthropoda. Yoeltzkow 
(No. 85), indeed, has recently derived both structures from the lower layers, 
and Graber has adopted this view for the proctodaenm of Mutea. With 
regard to this, we must refer to what has already been said (p. 815) as to the 
condition of Musca, 

The connection between the cavities of the stomodaeum and proctodaeum 
with that of the enteron is usually established at a somewhat early embryonic 
stage. In certain larval forms, however (many Hymenoptera, ^.^r.. Apis and 
Alyrmeleon), no communication is established between the enteron and the 
proctodaeum, the latter then having an exclusively excretory function. 

The enteron develops from two originally distinct rudiments, the 
anterior and posterior entoderm-rudiments (p. 313), which from the 
very first bear a close relation to the invaginations of the stomodaeum 
and proctodaeum. Although originally applied as simple cell-accumu- 
lations to the inner ends of these invaginations, so closely, indeed, 
that VoELTZKOW (No. 85, 86), Patten (No. 68), and Graber 
(Nos. 28 and 30) derived them directly from the epithelium of 
the latter, they soon extend, through continuous cell-proliferation, 
and assume the U-shape (Fig. 153 -4, en' and en")* The ends of the 
U-shaped rudiment in the anterior entoderm-mass are directed 
posteriorly, but in the posterior mass anteriorly. These ends grow 
out towards each other, meet and fuse, and thus form two paired 
entoderm-bands running dorsal to the germ-band along its whole 
length. 

* [As already stated (footnote, p. 317), Heymgns (No. XX.) and L^caillon 
(No. XXIX. ) consider that the entoderm is quite wanting in the adults of the 
liiglier Insects, the raid-gut originating, according to these obser\'ers, as ecto- 
dermal ingrowths from the stomodaeum and proctodaeum. — Ed.] 
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The paired entoderai-bands belong to the lateral parts of the 
germ-band. They lie, as a rule, immediately below the series of 
consecutive coelomic sacs (Fig. 158 F^ p. 321), where the entoderm- 
bands (en) are seen cut through below (really dorsal to) the coelomic 
sacs {us). The dorsal wall of the primitive segments is thus in 
immediate contact with the entoderra-bands. Active proliferation of 
cells now takes place from this wall of the primitive segments, and 
the cell-material thus produced, which splits off from the dorsal wall 
of the primitive segments, forms the outer layer of the enteron- 
rudiment, the splanchnic layer or intestinal fibrous layer (Fig. 158 
-F, 9pni\ Fig. 170, «p, p. 344). The reminder of the dorsal wall of 
the coelomic sac left after this separation enters into relation with 
the genital rudiment and yields the terminal filament (c/. p. 345, etc., 
and Fig. 170, ef). The entoderm-bands with the immediately 
contiguous splanchnic layer may now be termed the mid-gut 
rudiment (Fig. 150, m, p. 306, and Figs. 170, 171, 172, «p + ew, 
pp. 344-346). In the following stages the enteron is distinguished 
for its great lateral growth, which causes it to spread over the surface 
of the food-yolk, which it finally completely surrounds (Fig. 1 50 
C-F, p. 306, and Figs. 170-172, pp. 344-346). This circumcrescence, 
as a rule, occurs in such a way that the two entoderm-bands unite first 
in the region of the ventral middle line (Figs. 150 Ey and 171). 
Only later do they unite on the dorsal side (Figs. 150 F^ and 152). 
The food-yolk in this way comes to lie entirely within the enteron, 
and with it is included the remains of the dorsal tube or dorsal 
organ (Fig. 150 F^ s) where such is present. 

The description just given of the development of the enteron, which rests 
principally-on the observations made on Hydrophilus and Phyllodromia, seems 
to be directly applicable to most Insects. In individual cases, indeed, we find 
certain deviations, as, for instance, in Mttsca, where the coelomic sacs do not 
attain distinct development (p. 320), and where the whole of the food-yolk is 
not taken into the enteron, a portion of it remaining (as in other Diptera) in 
the body-cavity where it is gradually absorbed (Kowalevsky, Voeltzkow, 
Graber). The conditions also differ to a certain extent in the Hymenoptera 
{^pis, Chalicodoma, Kowalevsky, Grassi, CARRifeRE), where the entoderm 
originally occupies a dorsal position (p. 316) and is only gradually grown over 
by the germ -band. The circumcrescence of the food-yolk by the entoderm here 
proceeds from the dorsal to the ventral side. 

The salivary glands which open into the buccal cavity and may 
consist of several pairs ^ i^'^)* arise ^ ectodermal invaginations 

* According to Schiemenz (No. 125), the various cephalic glands of Apis 
(imaco) are distributed in such a way that, originally, a pair occurs on each of 
the three maxillary segments. 
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which originally open, not into the stomodaeiim, but on the surface of 
the body. They may therefore be regarded as integumental glands, 
the apertures of which have been drawn into the buccal cavity (f). 
In the Trichoptera and Lepidoptera, an anterior pair of these glands 
develops in the anterior and inner angle of the mandibular radiment 
(Hatschbk, No. 36; Pattbn, No. 65). A second pair which here, 
as in the Hymenopteran larva, is transformed into spinning glands, 
belongs to the segment of the second maxillae (Fig. 143 A^ sp^ 
p. 286). CARRitRB, however, reckons it as belonging to the first 
thoracic segment. When the second maxillae fuse to form the lower 
lip, the apertures of the paired invaginations are approximated, and a 
short unpaired efferent duct forms, opening into the buccal cavity 
(BOtschu, No. 11, etc.). 

We should be predisposed to homologise the salivary gland of the Insects 
with the glands which open into the mouth in the Myriopoda. This view is 
opposed by the consideration that the latter, as transfonned nephridia, are said 
to arise from the mesoderm (p. 251), while the salivary glands of the Insecta 
are purely ectodermal structures. We must therefore leave the question of the 
homology of these organs and of their relation to similar glands in Peripatiis to 
be decided by further research. 

The Malpighian vessels develop as paired outgrowths of the 
proctodaeum, which from the very first have a lumen. They are 
thus ectodermal structures. Two or three pairs usually make their 
appearance (Lepidoptera, PInyganeidae, Hydrophilus), In those 
forms which, at a later stage, have a larger number of these vessels, 
these secondary tubules develop as diverticula of the primary ones 
(Oryllotalpa, Rathkb). 

The Malpighian vessels usually appear only after the development of the 
proctodeieal invagination, as diverticula of this latter, but in the Hymenoptera 
{ApU and Chalicodoma), they form before the proctodaeum develops, as invagina- 
tions of the ectoderm, and consequently at first open on the surface of the 
germ -band. They then somewhat resemble in appearance tracheal invaginations, 
and this perhaps led to their being homologised with the latter, a view which 
we are unable to share, and which CarriIire also (No. 13) did not adopt 
Only later do they shift with the developing proctodaeal invagination into the 
interior of the embryo. 

a. Heart 

The earliest recognisable rudiment of the dorsal vessel or Jieart in 
the Insecta appears as a longitudinal strand of cells (cardioblasts) 
running along the upper and external border of the dorsal sub- 
division of the primitive segments (Fig. 170, h, p. 344, and Fig. 
171, h). During the continuous circumcrescence of the yolk by 
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the germ-band, this rudiment shifts more and more towards the 
dorsal side. It is directly connected with the wall of the primitive 
segments (Figs. 170 and 171), and indicates the junction of the 
dorsal with the lateral wall of the coelomic sac. According to 
KoROTKBFF (No. 47), whom we have to thank for the first detailed 
account of the development of the heart in the Insecta, the cardio- 
hlasts are derived from the wall of the primitive segments. 

In Oryllotalpa, the form described by Korotnbfp, the condition 
is in many respects peculiar. The formation of the dorsal organ is 
here introduced, in the way described above (p. 304, etc.), by the 
rupture of the embryonic envelopes. The serosa contracts to form a 
thickened plate (Fig. 167 A, rp), of which the very degenerate 
amniotic folds appear as a lateral appendage {am\ the whole being 
far removed dorsally from the edges of the germ-band (*z-y*) 
{cf. Fig. 150 C, p. 306). The interval between the rudiment of the 
amniotic fold and the lateral edge of the germ-band (*7>-y*) is 
occupied by an epithelial lamella (Z) in which we recognise the 
former anmion. This lamella is not closely applied to the yolk, 
but is separated from it by a spacious blood-lacuna (6«), in which 
<5an be seen numerous blood-corpuscles that have immigrated from 
the mesoderm. The cardioblasts which are derived from the wall of 
the primitive segment (t^) have become arranged to form a channel 
{gr) on each side, and thus surround the lower part of the blood- 
«inus. 

As the circumcrescence of the food-yolk by the germ-band pro- 
gresses, after the invagination and degeneration of the dorsal plate 
has taken place, the two blood-lacunae fuse together dorsally to form 
one lacuna (Fig. 167 J?, ha). This now represents the rudiment of 
the lumen of the heart. The two vascular channels, moving towards 
■each other until they come into contact, form, by fusing together, the 
wall of the heart (Fig. 167 G, r, and Fig. 172, h, p. 346). The 
venous ostia arise, according to BCtschu (No. 11), as paired invagina- 
tions of the lateral walls, in the base of each of which a slit develops. 

The rudiment of the heart, as we have seen, is intimately connected 
with the primitive segments. The lateral wall of the primitive 
43egments, after giving off the elements of the somatic mesoderm, 
gives rise to an epithelial plate which represents the first rudiment 
of the pericardial septum or dorsal diaphragm (Fig. 167 -4-C, dd; 
Fig. 170, p. 344; Fig. 171, p. 345, and Fig. 172, ps, p. 346). As 
soon as the two halves of the rudiment of the heart have united in 
the middle line, the two halves of the pericardial septum also become 
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connected and bound the 
pericardial space, "wliieh 
is closed towards the 
rest of the body-cavitr 
(Fig. 172, ps). For a 
time the pericardial sep- 
tum remains connected 
with the wall of the 
heart, but it becomes 
separated from it later 
(Fig. 167 a, dd). The 
relations of the rudi- 
ment of the heart and 
the pericardial septum 
to the terminal filament 
of the genital rudiment 
will be discussed below 
(p. 345 et seq,). 

The statements as to the 
development of the heart in 
the Insecta that have been 
made by other authors 
(Grassi, Pattkn, Ticho- 

MIROFF, ATERS, HbIDEB, 

CxRRifeRE, Heymons, etc> 
can easily be traced back 
to the type described for 
Orylhtalpa, The principal 
difference in the formation 
consists in the absence or 
slighter development of the 
large blood-lacunae above 
described. The rudiment 
of the heart in the first 
stages is consequently of 
small extent, and can often 
hardly be recognised. 



Fio. 167.— Diagrammatic transverse section through three consecutive stages of GryUoUdva U> 
illustrate the formation of the dorsal vessel (after Koeotnkff). (The rudiment of the fibrous- 
layer of the intestine is omitted in these diagrams). A, youngest stage. The germ-band 
extends ftnom *x to t/*. The embryonic envelopes are rent and retracted dorsally. avi, edge 
of the rent ; rp^ dorsal plate (serosa); /, lamella connected with the ectoderm of the germ- 
band (amnion reflected back). B, second stage. The germ-band has almost completely 
grown over the food-yolk. The dorsal organ is absorbed. C, third stage, dorsal region. 
The formation of the heart is completed, am, vestige of the amnion-fold; 6s, blood-sinus; 
dd, rndiment of the dorsal diaphragm ; di\ ventral diaphragm ; rfo, food-yolk ; c/2, yolk-cells; 
ec, ectoderm; gr, vascular channel (rudiment of the heart); i, lamella of the reflected 
amnion; Ih, pennanent body-cavity; m, transverse muscle; n, ventral cord; r, heart; rp, 
dorsal plate ; «p, splanchnic, so, somatic layer of the mesodenn ; n5, cavity of the primitive 
segment ; *x-y*, lateral termination of the germ-band. 
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In Gryllotalpa and Oceanthus (Ayers) the posterior portion of the heart 
develops first. The order of development of the heart is here from behind 
forward. This is an unusnal condition, whicli is due to the fact that the closing 
of the dorsal region is retarded by aocnmulated masses of yolk in the anterior 
{Mtrt of the body. 

[As in OryUotalpa, the heart in Agelastica (Petrunkewjtsch, No. XXXVI.) 
and Bombyx (Tichomiroff, No. 78) is former! by the circumcrescence of the 
volk by the mesoderm-bands. When these reach the mid-dorsal line, the two 
layers fuse immediately below the ectoderm, while they remain distinct below ; 
in this wa^ a mesodermal groove arises which, owing to the fact that the ento- 
dermal epithelium is still incomplete dorsally, is in open communication with 
the yolk. This constitutes the gastro-vascular canal of Tichomiroff, which, 
in transvei-se section, has the form of a figure 8. At this stage the dorsal and 
lateral walls of the heart are formed by mesoderm, while the incomplete ventral 
'wall is entodermal. The entodermal epithelium now unites in the middle line, 
and thus completely separates the heart from the enteron and, soon after, the 
mesoderm grows in from either side iowards the middle line below the cavity of 
the heart and above the entoderm, and finally, by fusion of the two ingrowths, 
the mesodermal walls of the heart are completed. The closure of the heart 
takes place earlier at the anterior and posterior ends than in the middle. — £d.] 

The blood-corpuscles are traced back by Korotneff to cells of 
"fcbe^somatic mesoderm which have lost their connection with the 
rest of the mesoderm and have passed into the body-cavity. Our 
own [researches incline us to agree with this statement. Other 
authors, however (Dohrn, and recently Will also, No. 97), have 
derived the blood-corpuscles from yolk-cells. Aybbs (No. 1) even 
claims for their formation the cells set free by the disintegration of 
the [dorsal plate. It should here be pointed out that Schafpbr 
{No. 124a) recently maintained that certain cell-complexes connected 
with the fat-body in caterpillars are formative centres for the blood- 
corpuscles (p. 372). 

H. The Musculature, the Connective Tissue, and the 
Fat-body. 

The groups of muscles, as well as the connective tissue, are derived 
through histological differentiation from the somatic layer of the meso- 
derm (Fig. 167, 8o). Our own researches, and those of Kowalbvsky, 
Grassi, and CARRii:RB, show that the fat-body also arises from the 
mesoderm. In Hydrophilus, a dorsal band-like fat-body, running over 
the intestine, arises by direct transformation from the wall of the 
coelomic sac. For the rest of the fat-body also, for instance, for the 
lobes accompanying the tracheal system, a mesodermal origin can 
be indisputably established. The observations made by Heymons 
on Phyllodromia are in harmony with this. Certain cells of the 
wall of the coelomic sac early undergo a transformation, which 
results in their being recognisable as the rudiment of the future 
fat-body (Fig. 169 B and G, /). 
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Many authors, however, differ greatly as to the origin of the fat-body. 
DoHRN, TicHOMiROFF (No. 79), and, recently, Will have derived it from 
the yolk-cells, while other authors have claimed an ectodermal ori^n for it 
Among these latter are Korotxeff (No. 47) and Schaffbr (No. 124a), who» 

in confirming former statements made by 
„r , y^^^ ^j^^ fat-body of Mvxa 

I the tracheal matrix and 
^ hypodermis. Grabkr also 

»ntly maintained the ecto- 
the fat- body in HydircphUus. 
As regards BydrcphUuSy 
I agree in this viewr. 



fenital Organs. 

i accounts of the develop- 
aital organs are, with the 
lose relating to the pecu- 
Eilised conditions in the 
Dipiera^ much scattered 
)8t part fragmentary and 
We must refer the 
works of Balbiani (Xo. 
3), and Witlaczil 
(No. 98), and especi- 
ally to those of Hey- 
MONS (No. 43). We 
are able, however, to 
gather (chiefly from 
the writings of Grassi,. 
No. 32, Heidbr, No, 
38, and Wheeler, No. 
95) that the genital 
glands are mesodermal 
in origin, and develop 
from the wall of the 
coelomic sac. The 
development of the 
efferent ducts has been 
best described by 
NusBAUM (No. 61) and 
Palm^n (No. 162). 
Heymons (No. 43) has 
recently published accounts of the rise of the genital organs in 



Fio. 168. — Lateral sagittal section throagb the abdom- 
inal part of a germ-band of FhyUodromia geiinanioa after 
the primitive segment*) have completely formed (after 
Hkymoks). l-7t first seven abdominal segments, from 
the eighth {H) to the terminal segment (es) the abdominal 
germ-band is flexed ventrally ; am, amnion ; c, coelomic 
sac; d, food-yolk; cs, terminal segment; gz, genital 
cells, lying partly in the dissepiments and partly in the 
wall or the cavities of the primitive segments. 
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Fio. 169.— TransTerse section through the abdomen In three consecntive stages of develop- 
ment of I^v^VLodtimia germanica (after Heymons). am, amnion; bg, rudiment of the 
ventral chain of ganglia ; c, coelomic cavity ; c', dorsal, and c^, ventral sections of the 
coelomic sac ; a, cells of the wall of the primitive segments, applied to the ventral side 
of the genital rudiment ; d, food-yolk ; dw, dorsal wall of the coelomic sac ; ec, ectoderm ; 
ep, epithelial cells ; ex, abdomioal limb-radiments ; /, radiment of the fat-body ; ga^ genital 
cells ; Iw, lateral wall of the coelomic sac ; m, mesoderm-cells, which do not take part in 
the formation of the coelomic sscs ; mto, median wall of the coelomic sac ; sOf somatic 
mesoderm-layer ; vm, ventral longitudinal muscle. 
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Phyllodromia germanica^ on which, as the most detailed, we shall 
found our description.* 

In Phyllodromia, distinct genital cells can be distinguished at an 
early stage of embryonic development by their different histological 
character. They are larger than the other cells, and show a slightly 
stainable nucleus with a distinct nucleolus. These genital cells, 
which have developed by the transformation of the embryonic 
mesoderm -cells, originally lie in the splanchnic layer or on the 
surface of this layer, which is turned towards the food -yolk at 

f f *» 9, >^ 
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Fio. 170.— Transverse section through the abdomen in a somewhat older germ-band of 
PhyUodT<mia germanica (after Hetmoms). bgr, rudiment of the ventral chain of ganglia ; 
c, remains of the coelomic cavity ; cz, radiment of the efferent genital duct ; ec, ectoderm ; 
</; terminal filament ; en, entoderm ; fk, fat-body ; gz, genital cells ; ^i, rudiment of the 
heart ; p, rudiment of the pericardial cavity ; ps, rudiment of the pericardial septum ; 
80, somatic mesoderm; jp, splanchnic mesodenn. 

the boundaries of the segments. After the coelomic sacs are com- 
pletely formed (Fig. 168, gz), they are found in the dissepiments 
which divide the consecutive sacs from one another. New genital 
cells continually develop here from mesoderm -cells. These cells 
develop in the second to the seventh abdominal segment.! 

* The foUo^ang description and figures were taken in advance from a treatise 
since published in the Zeitschr. f. wiss. ZooL, Bd. Uii., kindly placed at our 
disposal by the author. 

t [According to recent researches on the origin of the germ-cells in Crustacea 
and other Invertebrata, we should have to look for tlie fii-st origin of these cells 
at an early cleavage -stage, at any i-ate, they should be visible as soon as the 
mesoderm-bands are formed. Further, we shouhi not expect them to arise or to 
increase from the ordinary mesoderm-cells, but from gerni-teloblasts. — Ed.] 
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The genital cells shift later into the interior of the coelomic sacs, 
soon reaching their dorsal wall (Fig. 169 A, gz) and passing in 
between its cells. The coelomic sacs (c), in transverse section, at 
this stage are approximately triangular in outline, so that we may 
distinguish a dorsal {dw\ a lateral (Zt^), and a median wall (mio). 
The dorsal wall is in contact with the surface of the yolk, and 
later, by delamination, yields the splanchnic mesoderm (Fig. 170, «/>), 
while from its remainder is formed the terminal filament of the 
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Fio. 171.— Transverse section through the abdomen In an older germ-band of FhyHXadrnxMAx 
qv^'TMinica^ in the stage when the circomcrescence of the yolk commences (after HetmonbX 
hQy ventral chain of ganglia ; c, remains of the coelomic cavity ; C2, rudiment of the efferent 
genital duct ; ^, terminal filament ; en, entoderm ; fk^ fkt-body ; gz^ genital cells ; ^, rudi- 
ment of the heart; j>s, pericardial septum; ip, splanchnic mesoderm; vm, ventral 
longitudinal muscle. 

genital gland (e/). The lateral wall, which is parallel to the germ- 
band, takes an active part in the formation of the somatic layer 
(Fig. 169 C, BO) of the mesoderm, the pericardial septum being 
eventually derived from what remains of it (Fig. 170, ^«). 

When the genital cells have entered the dorsal wall of the 
primitive segments, they are already so numerous as to form a 
continuous strand running from before backward. The genital 
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rudimont then consists of a cell-Btrand lying on each side in the 
dorsal wall of the primitive segments, and extending from the second 
abdominal segment into the eighth. Kot only genital cells take 

part in the formation of this 
strand, but undifferentiated 
mesoderm-cells (Fig. 169 Bj 
C) are added; these originate 
in the dorsal wall of the 
coelomic sacs, and become 
closely applied to and in part 
surround the genital cells. 
These mesoderm-cells form the 
epithelial cells (ep) of the 
genital rudiment, while others 
compose a cell-strand {cz) lying 
medianly and ventrally to the 
genital cells. 

The genital cells in the 
female give rise solely to the 
egg-cells (and to the nutritive 
cells, in those forms in which 
these occur). The follicular 
epithelium of the oviducts, 
on the contrary, as well as 
a corresponding cell-layer of 
the terminal chamber are 
yielded by the mesodermal 
epithelial cells.* Phyllodro- 
mia^ to which the above 
description refers, and the 
Orthoptera generally, show in 
this respect a somewhat simple 
condition, the germ- or ter- 
minal chamber of the ovary 
consisting in them of com- 
paratively few cells. In most 
other Insecta, and especially 
in those which have a great 

* [Each ovarian tube in the adult Insect consists of three parts : (1) the ter- 
minal filament, (2) a terminal chamber, often serving as a nutritive chamber, 
and (3) the actual ovarian tube divided into chambera, each containing an ovum ; 
this last segment is much the longest. — Ed.] 




Fio. 172.— Transverse section throcigh the ab- 
dominal region of an embryo of Pk^UodromvoL 
gtrmanicay after the eircamcrescence of the yolk 
and the formation of the dorsal surflice are com- 
pleted, b^, ventral ganglionic chain ; cs, radi- 
ment of the efferent genital duct ; d, food-yolk ; 
e/, terminal filament ; en, entoderm ; fk^ tisane 
of the fkt-body; gt, genital cella; A, heart; 
pt, pericardial septum ; », tracheal stigma ; «p, 
splanchnic mesoderm ; vm, ventral longitudinal 
muscle. 
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number of nutritive cells in the ovary, the germ- or terminal chamber 
is extremely large. In this connection it has been maintained that 
the various cell-elements of the Insectan ovary originate from indif- 
ferent cells (KoRSCHELT, No. 155, WiELOWiEJSKi, and others). 

The ventral cell-strand (cz) becomes transformed in the proximal 
part of the oviduct, which widens into a cup and receives the 
separate ovarian tubes. The transformations which take place in 
the male will be described later. 

The extent of the coelomic sacs, during the further course of 
development^ becomes much restricted through the degeneration of 



>9^ 



Fio. 17S.— Longitadinal section through the female genital nidiment oC Phyliod • amia germanica 
(after Hbtmoms). In ^4, the deTelopment of the ovarian tubes is beginning. In B, they have 
advanced further, cz, rudiment of the efferent genital ducts ; ^, terminal filaments ; ep, 
nuclei of the epithelial cells ; gz, genital cells. 

those parts of them which extend into the limbs (p. 320), by the 
development of the fat-body (Figs. 169,/, and 170, /A:), and through 
the separation of the somatic and the splanchnic mesoderm-layers 
(Fig. 170, so, sp). Only a small portion of them (c) finally remains, 
bounded laterally by the rudiment of the pericardial septum (ps), 
and internally by the terminal filament of the genital gland (ef). 
The dorsal region, where these two lamellae pass into each other, 
seems to be intimately connected with the cardioblasts (h). The 
strand-like genital rudiment now appears attached to the terminal 
filament as to a mesentery (Fig. 170, gz). 



Digitized by 



Google 



348 IN8ECTA. 

During the degeneration which takes place through the lateral 
circumcrescence of the yolk by the germ-band (Figs. 171, 172), 
the paired rudiment of the heart shifts more and more towards the 
dorsal median line, and the genital rudiment connected with it by 
means of the terminal filament follows it. This rudiment thus 
comes to lie on the dorsal side of the developing enteron (Fig. 
172, gz). 

The terminal filament (ef) originally represents a simple longi- 
tudinally-placed epithelial plate. A rearrangement of its cells soon, 
however, takes place, these becoming arranged in vertical rows, each 
of which corresponds to a developing ovarian tube. In this way 
the original plate-like terminal filament is broken up into the separate 
terminal threads of the ovarian tubes (Fig. 173, ef). In this process, 
however, the uppermost dorsal margin of the plate-like terminal 
filament does not participate, but persists as an undivided filament 
in the adult, where it is prolonged anteriorly and connects the 
different ovarian tubes; this is the so-called Muller^s thread. The 
latter is originally connected with the pericardial septum, but at a 
later stage it appears to lose this connection. 

As the separate ovarian tubes, which in Phyllodroniia number 
about twenty, develop, they bend continuously inward from the 
dorsal towards the ventral side of the ovarian rudiment (Fig. 173). 
At the same time the epithelial cells {ep\ some of which originally 
lay between the genital cells, become arranged so as to form an 
epithelium covering the surface of the ovarian tubes, this epithelium 
further secretes on its outer surface a structureless cuticular tunica 
propria. The outer peritoneal envelope of the ovaries is formed 
from the cells of the surrounding fat-body. 

The genital rudiment originally, as we have mentioned, extended 
from the second into the seventh abdominal segment. In the latter, 
however, the genital cells are from the first few in number and 
completely disappear later, so that the genital strand here seems 
composed solely of . epithelial cells. This part is the rudiment of the 
oviduct proper, and forms a direct continuation of the cell-strand 
{cz) mentioned above as lying ventrally to the genital cells, out of 
which, as we have seen, the proximal, cup-shaped portion of the 
oviduct is formed. The posterior section of the oviduct bends round 
towards the ventral side, and becomes connected with the hypodermis 
at the boundary between the seventh and eighth abdominal segments. 
The rudiment of the oviduct is originally a solid strand, in which a 
lumen forms later through the shifting apart of the cells. 
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In later stages the genital rudiment shortens considerably, so that it is then 
restricted to a smaller number of abdominal segments than at first. The 
separate ovarian tubes at the same time pass from their original vertical position 
and become more horizontal. 

The paired insertion of the rudiment of the oviduct into the 
hypodermis of the intersegmental furrow between the seventh and 
eighth abdominal segments recalls conditions observed by Palm^n in 
certain Ephenieridae, in which the paired aperture of the genital 
efferent ducts is retained throughout life. This is the original 
condition in the Insecta. In the female of FJiyllodromia, the un- 
paired terminal section of the genital passage develops during larval 
life from an ectodermal invagination, a genital pouch forming in 
which the egg-cocoon is carried. This genital pouch is formed, as 
Haase has proved, through the invagination into the interior of the 
body of the chitinous sternal plates of the eighth and ninth ab- 
dominal segments. 

With regard to the development of the efferent genital ducts in 
the Insecta, we must refer to the results obtained by Nusbaum 
(No. 61) and Palmj^n (No. 162), which fully agree with those here 
mentioned as obtained by Heymons for Phyllodromia, 

Nusbaum studied the development of the efferent ducts in 
Pediculina and Periplaneta, He found that only the vasa deferentia 
or the oviduct is derived from the posterior portions of the genital 
rudiment, i.e., from mesodermal structures, while the rest of the 
efferent apparatus (uterus, vagina, receptaculum seminis, ductus 
ejaculatorius, penis, and all the accessory glands) develop from the 
in tegumental epithelium, and are therefore of ectodermal origin. 
The unpaired portions (the uterus, penis, receptaculum seminis, and 
unpaired glands) develop out of paired hypodermal rudiments. The 
posterior strands of the genital rudiments become applied to the 
hypodermal growths just mentioned and fuse with them. A fusion 
in the middle line of the paired hypodermal growths gives rise to the 
rudiment of the unpaired organs. These observations agree entirely 
with the results obtained by Palm^n from the standpoint of com- 
parative anatomy. Palm^n found the most primitive type of efferent 
ducts in Heptagenia (an Ephemerid), an unpaired section being here 
altogether wanting. The oviducts open separately into the fold 
between the seventh and eighth abdominal segments, while the vasa 
deferentia open into a paired penis on the posterior margin of the 
ninth sternite. An unpaired section may develop from this paired 
rudiment in individual cases ( (^ Forficvla^ Meinbrt) through defective 
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fonnation, one side atrophying after the paired terminal hypodernial 
growth has fused. In most cases, however, the unpaired terminal 
section must be regarded as a secondary integumental invagination. 
This point has not yet been investigated in all groups of the Insecta. 

The agreement thus found to exist in the position of the genital 
apertures in PhyUodromia (Hbymons) and in the Ephemeridae 
(which, according to Palm^n, the Perlidae also resemble) may 
perhaps justify us in concluding that the opening of the genital 
glands on the boundary between the seventh and eighth segments 
corresponds to the primitive condition for all groups of the Insecta, 
and that the more posterior position of the apertures found in many 
forms has arisen secondarily by a backward displacement. If this 
is the case, we must assume that the condition in the Thysanura, 
in which the genital aperture is paired and opens between the 
eighth and ninth abdominal segments, or on the last, is a secondary 
modification {ef. Haase, No. 153). 

The external genital appendages arise in most Orthoptera (as 
Dewitz has proved for the Locustidae) out of two pairs of cone-like 
projections belonging to the eighth and ninth abdominal segments, 
the posterior pair of which very soon become double. The six parts 
of the ovipositor of the female arise in this way, while, in the male, 
corresponding shorter projections are found. The ovipositor of the 
female Ichneumonidae and Cynipidae come under the same category, 
as well as the sting of Apis (Kraepeun, Dewitz, No. 103). Since 
the first rudiments of these paired appendages closely resemble the 
imaginal discs of the Dipterous larvae, they have repeatedly been 
regarded as abdominal limbs (p. 299, and footnote p. 300). The 
ovipositors of many Diptera and Coleoptera, on the contrary, as well 
as the penis of the Coleoptera, are to be derived from the most 
posterior abdominal segment, which is invaginated and telescopic. 

The male genital gland, in PhyUodromia^ at first develops in a 
way similar to that described above in connection with the female 
organs. Only in later embryonic stages can sexual diflFerentiation 
be recognised. It is then found that, in the male, four accumula- 
tions of genital cells become surrounded with an epithelium. These 
accumulations, which represent the four testicular follicles of PhyUo- 
dromia^ are closely connected with the rudiment of the efferent 
genital ducts (vasa deferentia), and, in later stages, shift with the 
latter somewhat backward and away from the original genital rudi- 
ment A remnant of the genital rudiment still remains attached 
to the terminal filament, and this, according to Haase, is the female 



Digitized by 



Google 



GENITAL ORGANS. 351 

pari of the originally hermaphrodite genital rudiment, and may, in 
individual cases, even develop imperfect ovarian tubes and eggs. 
It has yet to be proved that the vestigial organs found in the adult 
male have originated from this remnant of the genital rudiment. 

Hetmons concludoB from the above observations that hermaphroditism was 
the original condition in the ancestors of the Insecta. This view, if correct, 
'would account for the frequent occurrence of hermaphroditic conditions in adult 
Insects. 

In the female, the whole rudiment of the primitive efferent ducts 
is directly transformed into the oviduct. In the male, on the 
contrary, the whole length of this rudiment does not become trans- 
formed into the vas deferens, but its distal terminal , portion 
degenerates and is replaced by a secondary terminal section, which 
then becomes connected with the ectodermal ductus ejaculatorius. 

If we pass in review the origin of the genital organs, as shown 
in the above description* of Phyllodromia^ we have first of all to 
point out that, in the derivation of the genital cells from the epithelium 
of the coelomic sacs, we find direct agreement with the Annelida, t 
In the later development of the paired genital gland and of an 
efferent duct directly connected with it, there is a certain resemblance 
to the condition found in the Onychophora (p. 208). The dorsal 
position of the glands in these two Arthropodan groups is a special 
point of agreement. On the other hand, it should be pointed out 
that the genital gland of Feripatus^ according to Sedgwick, arises 
by the direct fusion of the consecutive coelomic sacs (the Myriopoda 
have been placed in the same category by Hbathcotb, p. 252), and 
that therefore, in Peripatus, the genital cavity comes from the 
coelomic sacs. In the Insecta, on the contrary, the genital rudiment 
lies, indeed, in the wall of the coelomic sacs, but the lumen of 
the efferent duct here arises independently of the coelomic sacs, the 
cavities of the latter forming a small part of the permanent body- 
cavity. FroQi this point of view, we shall have to regard the 

The fact that this description not only applies to FhyUodramiat but is 
^^ proximately applicable to many other Insects, perhaps to all, seems to be 
shown by the harmonious though fragmentary statements of Heider and 



t [It would seem highly probable, from recent researches on the origin of the 
germ-cells in various Invertebrata, that these cells, although not always to be 
distinguished by our limited vision from the general mesoaerm, and especially 
from the coelomic epithelium, are in reality quite distinct from an early 
cleavage-period, and differ essentially from the mesoderm-oells in their nuclear 
organisation. This is rendered probable from the researches of Hektwig on 
SeujUta, Haeckbr on Cyclcps, Boveri and others on Asearia, Weismann on 
Cliironomus, — Ed. ] 
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condition in Peripaivs and the Myriopoda as the more primitive, 
following directly on that of the Annelida, while the condition of 
the Insecta is, on the contrary, modified. 

If we are to homologise the efferent genital ducts of the Insecta 
with those of Feripatus, we should have to trace them back to a 
pair of transformed nephridia. Their origin from the mesoderm in 
fche Insecta would be in harmony with this; but, in other respects, 
we find no features retained in the development of the efferent 
genital ducts in the Insecta which can be considered as supporting 
such a view. 

Mention should be made of Hevmons' observations that, in the genital 
rudiment of Phyllodromia^ the genital cells can from the first be distinguished 
from the epithelial cells. This statement is not favourable to the view, until 
now universally held, that the follicle-colls and egg-cells are derived from one 
and the same sort of cell by later differentiation. Regarding their first origin, 
however, in Phyllodromia also, the two kinds of cells are to be traced to the 
same source. 

Special attention should be called to the fact that, in the Diptera 
and Aphidae, the genital rudiments can be recognised in a very 
early stage of embryonic life. This is certainly to some degree 
connected with the parthenogenetic and paedogenetic manner of 
reproduction, which is common in these two groups, and which 
(as in Moina, YoL ii., pp. 123 and 180) leads to an early separation 
of the sexual rudiments. 

In the Diptera, the first rudiment of the genital glands is repre- 
sented by the "pole-cells." These cells (the "globules polaires" of 
Robin, also described by "Wbismann in Chironomus and Mused)* 
which become separated at the posterior pole of the egg even before 
the formation of the blastoderm, were discovered by Lbuckabt and 
Metschnikofp (No. 55) in the asexually developing egg of the 
viviparous larva of Cecidomyia (Fig. 174, pz), A rather large, highly 
granular cell (jpz) here becomes severed from the posterior pole of 
the egg (Fig. 174 D) even before the blastoderm forms, and soon 
breaks up, first into two and then into four "pole-cells'* (Fig. 
174 F), When the blastoderm is completely formed, these "pole- 

* [It would be safer to discard Robin's term "globules polaires" for these 
cells, since that term was also applied by him and is still applied to the polar 
bodies or directive corpuscles, which latter, in all probability, have notliing 
whatever to do with the "pole-cells" of Chironomus, etc., which are simply the 
precociously separated germ -cells. This jwint, however, requires renewed 
investigation, and search should be made for the probable occurrence of true 
polar bodies and for the relationship of the " pole-cells " to the cleavage-nuclei. 
—Ed.] 
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cells" firat shift between the blastoderm-cells (Fig. 174 0\ and then 
into the interior of the embryo, where, in later stages, they become 
arranged symmetrically into two groups, and, surrounded by cells of 
the neighbouring tissue, become transformed into the genital rudi- 
ment (Mbtschnikofp). 

In Chironoinus (Fig. 175), two "pole-cells" become constricted 
from the posterior pole of the egg almost simultaneously (Balbiani), 
these, by division, yielding groups of four and eight cells. Just 
as in Cecidamyia, these cells are taken into the interior of the 
embryo (Fig. 175 0), and break up into two groups lying at 



Fio. 174.— First ontogenetic stages in the parthenogenetic egg of the Cecidomyia larva 
(after MxTscHviKorr). b, peripheral protoplasm ; U, blastoderm ; d, central food-yolk ; 
/, cleavage-nucleas ; n, degenerating nutritive cells (the so-called corpus luteum); pi, 
"pole-cells." 

the sides of the proctodaeal invagination. In quite young larvae 
that have hatched from the egg, these two spindle-shaped groups, 
the cells of which soon increase in number, can be recognised at the 
sides of the dorsal vessel, surrounded by a distinct membrane which, 
anteriorly and posteriorly, is continued into a ligamentous structure. 
The anterior corresponds to a terminal filament, the so-called Midler's 
filament. It is inserted into the dorsal vessel, and was held by 
Schneider (No. 74) to be muscular, this author consequently tracing 
back the genital rudiment of the Diptera to a transformed fibre of 
the alary muscle of the heart, an assumption which was refuted by 

2 a 
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Balbiani. The posterior terminal filament is the rudiment of the 
paired efferent ducts of the genital gland. The division of the 
inner cells of the ovarian rudiment gives rise to rosette-like groups 
of cells, each of which corresponds to an ovarian tube. Richter's 
more recent accounts (No. 71) agree with the above statements of 
Ealbiani. 

In the Aphidae^ just as in the Diptera, the first rudiment of the 
genital organs becomes distinct at a very early stage. Even in those 
early stages in which the first rudiment of the amniotic cavity forms 
by invagination at the posterior pole (p. 279), and before the 
formation of the lower layer, a cell-group (the genital rudiment) 
severs itself from the wall of this invagination, and, as a paired 

rounded mass, comes to 
£ B lie in the inside of the 

embryo. This cell-group, 
^ according to Balbiani 
and WiTLACZiL, is de- 
rived by division from 
a single cell. It becomes 
horseshoe - shaped, and 
breaks up into a number 
of rounded cell-accumu- 
lations, which become 
arranged in equal num- 
bers on each side of the 
median plane of the body 
and represent the rudi- 
ments of the terminal 
chambers of the ovarian 
tubes. These cell-masses 
are enveloped in an 
epithelial cover which, 
anteriorly, passes into 
the terminal filaments and, posteriorly, into the efferent ducts. The 
origin of this epithelial covering is doubtful. The efierent ducts of 
the different ovarian tubes fuse on each side to form a common 
oviduct, and this is continued into an unpaired ectodermal invagi- 
nation lying beneath the proctodaeum; this invagination gives 
rise to the accessory genital organs (Mbtschnikopp, Witlaczil, 
Will). 



Fio. 175.— Three longitudinal sections throngh ChinmaiMu 
embryos (after Rittbr). In J, the "pole-cells" (pa) 
lie outside the developing blastoderm. In £, the 
pole-cells have pressed in between the blastoderm-cells. 
In C, they lie within the embryo, b, peripheral proto- 
plasm ; 52, blastoderm ; d, food-yolk ; k^ nuclei of the 
blastomeres ; p, "pole-cells." 
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IL Metamorphosis. 
1. The Larval Forms. ^ 

The Thysanura and the CoUembola emerge from the egg in a form 
resembling that of the adult, so that there can here be no question 
as to the occurrence of a metamorphosis ; they may consequently be 
<lescribed as true Ametahola (Insects without metamorphosis). 

All other Insects, on the contrary, pass through a true metamor- 
phosis. When they leave the egg they are distinguished from the 
adult not only by their smaller size, but also by the absence of the 
wings. Many Insect larvae differ further from the adult {imago) in 
a number of ways. 

If we compare the young forms {larvae) of Insects when hatched 
with those of many Crustacea which leave the egg as Nauplii^ we 
find a marked distinction between them. In the Insects, the typical 
number of segments is developed in the embryo; the limbs also, 
and the rudiments of the most important organs are already present. 
Only the wings are wanting. In other respects, the young emerging 
from the egg has the characteristics of a well-formed Insect. There 
is no doubt that the Thysanura, and among these the Campodea 
-especially (Figi 193), stand very near the fundamental form of 
this wingless larva. We have in the Thysanura undoubtedly the 
suost primitive living representatives of the class of the Insecta. 
liUt we must not lose sight of the fact that, even amongst these 
forms, many systems of organs (e.g., the tracheal system) have 
\mdergone reduction, possibly on account of the small size of the 
body. 

The orders of the Insecta may be grouped in two divisions, 

according to the manner of their metamorphosis. To one of these 

groups belong those orders which we are accustomed to regard as 

the more primitive on account of their organisation; among these 

we find some with an invaginated germ -band, thus suggesting a 

<:onnection with the Myriopoda. The larva here passes gradually, 

by a series of stages each marked by an ecdysis, into the imaginal 

form. During these stages the rudiments of the wings grow out, 

increasing in size gradually. Metamorphosis thus here takes the 

form of onward growth within the limits of the segmentation and 

rudimentary organisation already present. Such development is 

distinguished as incomplete metamorphosia, and the Insects belonging 

to this type are known as the Homomorpha. 

* In the following account we have chiefly followed Lubbock (No. 156) and 
Brauer (No. 146). 
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The metamorphosis of the second group, to vhich the higher 
orders of the Insecta belong, is more complicated. The larva here 
leaves the egg in a condition which often diifers considerably from 
that of the imago, not only in form, but also in manner of life. 
This larval stage^ which is characterised by the large amount of 
nutrition taken, and repeated moults, attains a considerable size, and 
finally changes into a resting or pupal stage. The faculty of loco- 
motion is now suppressed; the pupa hardly moves and takes no 
nourishment; all the animal processes step into the background, 
while the vegetative processes bring about the further (chiefly 
internal) changes in the body. The larval stage is thus followed 
by one which in many respects resembles the embryonic stages; 
the pupal stage might be defined as a recurrence of embryonic 
development. A certain distinction between the two is, however, 
evident to the careful observer. In the embryonic stages, the organs 
develop chiefly from uniform rudiments, whereas they are here often 
built up by the concrescence of a number of disconnected formative 
centres, the so-called imaginul discs. These imaginal discs must 
be regarded as persistent embryonic structures which have lasted 
throughout larval life in a latent condition, and in which the 
regenerative capacity of the embryonic rudiment has been retained. 
Those organs, on the contrary, which functioned in the larva undergo 
disintegration (p. 368). 

The pupal stage gives place, after another moult, to the stage of 
sexual maturity, the winged imago-stage, during which there is no 
further growth of the body. 

The Insects that develop according to this type are known as the 
Heteromorpha, and their metamorphosis is a complete metamorphasiSy 
i.e., they belong to the Metahola or Holo-metahola, 

A. Homomorpha. 

The post-embryonic development of the Insects belonging to this 
type is in most cases a true metamorphosis, in so far as the young 
animal that emerges from the egg, although similar in other respects, 
is distinguished from the adult by the absence of wings (and of 
those abdominal appendages which are transformed into the external 
genital organs). In some cases also, alteration in the manner of 
life may be accompanied by changes in the form of the extremities 
(Cicada), The transformation into the perfect Insect is gradual. 
The last larval stage, with the rudiments of the wings already 
developed, is known as the nymph or pupa. In the Pediculina 
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and the Mallophaga alone, in consequence of parasitic life and the 
loss of the wings, metamorphosis is lost (acquired ametabole, Lang). 

The Insects belonging to this type may be divided into two groups, 
according to the manner of their metamorphosis. 

1. Panrometabola. The post-embryonic development is accom- 
plished, through a series of moults, by the gradual growth of the 
body, of the wing-rudiments and the outer genital apparatus. This 
growth, though probably continuous, appears to be intermittent, 
being only visible at each moult. In Insects belonging to this 
group, the young stages resemble the adult, not only in form, but 
also in manner of life. 

The Dermaptera, Orthoptera genuina, Corrodentia, Thysanoptera, 
and most Rhynchota conform to this type. 



C. 



Flo. 176.— J, lan-a. J5, pnpa. C, imago of Cmxda septemdicem (after Packard). 

Tlie young forms of most Rhynchota resemble the imagines in the structure 
of the mouth-parts and in the shape of the body, and change gradually into the 
adult form. The genus Aleurodes is an exception ; its shield-shaped larva differs 
in appearance from the winged imago and passes into a resting, pupal stage, 
which is covered by the larval integument. There is here therefore complete 
metamorphosis. The same is the case in the male of the CoccidaCt which 
changes into a resting pupa enclosed either in a protective larval integument 
or in a spun cocoon. The Cicadidae also (Fig. 176) attain a higher degree of 
metamorphosis. The larvae {A) live beneath the giound on the roots of trees, 
and are provided with hook-shaped fore-limbs adapted for digging. The nymph 
(B) is here capable of movement. Only shortly before the imago hatches does 
it remain quiet, while waiting for the bursting of the integument. 
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2. Hemimetabola. The young stage differs from the imago, not 
only in the absence of wings, but also in the presence of provisional 
(larval) organs. 

The larvae live in water and differ from the imago in the condition 
of their respiratory organs, the former possessing tracheal gills, either 
external or internal (intestinal respiration) in position. 

To this group belong the Ephemeri- 
dae, the Odonata, and the Plecoptera. 




q ^ 



--t 



The Epkemeridac represent a very primitive 
group. In them alone haye the paired efferent 
ducts of the genital organs been retained in 
their original fomi. The larvae (Fig. 177> 
live in water, and leave the egg in a Campodei> 
form stage.* In the later stages, they are 
distinguished by the possession of external 
tracheal gills (A;), which may be leaf-shaped 
or tufted, etc., and are usually attached 
to the postero-extemal margin of the terga 
of the seven interior abdominal segments. 
Within these integumental outgrowths^ 
richly-branched tracheal trunks extend, and 
hero the exchange of gases with the sur> 
rounding medium takes place. In keeping 
with the aquatic manner of Ufe, the stig- 
mata are closed, and the stigmatic tracheae 
found in the meso- and meta- thorax and 
in the eight anterior abdominal segments, 
are merely thin strands quite devoid of air 
(closed tracheal systetn). Only at the moment 
of hatching do the stigmatic tracheae and the 
stigmata open, so as to allow of the passage of 
the tracheal intima which is shed with the 
body -cuticle (Palm^n, No. 163). The num- 
ber of moults which mark the successive 
stages through which the larva gradually 
approaches the imaginal form is very con- 
siderable (in Chloe over twenty, Lubbock). 
The last moult but one (i.e., the last larval or nymph -stage) in which imperfect 

* [There are two ^pes of Insect larvae : the Campodeiform, so-called from its 
resemblance to the Thysanuran Campodea^ and the eruciform. In the first we 
find the three typical regions of the body clearly defined, biting mouth-parts^ 
ambulatory thoracic limbs, and sometimes terminal abdominal appendages. 
This larva is characteristic of the Ametabola and the Hemimetabola. In the 
second type the head is usually well-defined, but the body-segments are simple 
and cylindrical, and the animal has a vermiform aspect, the mouth-parts are 
usually adapted for biting, but ma^ be much reduced, the thoracic limbs are 
usually present together with functional abdominal appendages, the "prolegs." 
The erucifonn larva is very generally found among the Heteromorpha ; it attains 
its most characteristic development in the Lepidoptera, while m the Diptera 
it is much modified and degenerate, being apodal.— Ed.] 





F'lo. 177 —Bphemerid larva, k, tra- 
cheal gills; <, principal trunks of 
the tracheal system. 
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wings are present, passes into a stage closelj resembling the imago (mb-imaffo) ; 
this is dlBtinguiBhed from the preceding stages by the fact that, daring it, na 
uoarishment is taken. In this moult, the stigmata and stigmatic branches are 
definitely opened, and the tracheal gills, becoming constricted at their points 
of insertion, are cast off and remain in the empty skin (exuviae) of the last 
nymph-stage. One more moult on dry land leads from the sub-imago-stage 
to the form of the imago. 

The larvae of the Odonata are in some cases elongate and very like the imago, 
in others they are distinguished from it by their more compact form. All 
Odonatan larvae are characterised by the remarkable modification of the lower 
lip which forms the protrusible '* mask " (seizing pincer). 

The respiratory organs are variously modified in the different genera. The 
closablc stigmata on the thorax and abdomen of the larva (Haoen) appear to be 
used chiefly for giving off air, but the older Libellulid larvae also breathe in air 
through the thoracic stigmata (Dewitz). The tracheal gills are internal in 
Aeschna and Libellula, being situated as folds or outgrowths on the walls of the 
rectum {intestinal gills) ; in the Agrionidae, three branchial leaves are found on 
the last abdominal segment These, as well as the intestinal gills of the 
Libellvdidae (Hagen), are cast off when the larva passes over into the imaginal 
form. In Suphaeaf which is distinguished by the presence of abdominal 
appendages, long, conical gills are found on either side of the body near the 
stigmata on the second aMominal segment to the eighth (Haoen). 

Fleeoptera. In so far as, in the Perlidae, the tracheal tufts (Fig. 17S A, k) 
are retained in the imago, and the actual metamorphosis consists only of the 
-gradual growing out of the wings, this family, strictly speaking, should be 
classed among the Paurometabola. The larvae are Campodeiform (Fig. 178 B) 
and their respiratory organs appear in various positions, as lateral gill-tufts 
(Fig. 178 ^, i^-) at the sides of the thorax, as pro-sternal gills on the first ventral 
shield, at the sides of the anal aperture, or on the lateral margins of the 
abdomen. We are justified in classing the Perlidae among the Hemimetabola, 
by the fact that the branchial tracheal gills in the imagines do not function as 
such, but are retained in a shrivelled and vestigial condition. 

B. Heteromorpha. 

The larvae of the Insects that belong to this group are very 
different in appearance from the imagines. Some of them recall 
the Campodeifonn larva, but they are often modified in adapta- 
tion to a definite manner of life, and frequently degenerate through 
the preponderance of the vegetative functions and the partial 
suppression of free locomotion in consequence of more or less 
parasitic life. The climax of degeneration is reached in the limh- 
less and eyeless "maggot" with reduced masticatory organs. In 
most cases the larva differs entirely from the adult in its manner 
of life. We must regard complete metamorphosis as a more 
specialised form of the process of development, an acquired differ- 
entiation in larval life distinguishing the highly-developed, but 
probably, according to their origin, younger orders of Insects as 
contrasted with the Homomorpha. 
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The last stage of larval life is always the pupcU stage^ which, 
in the form of the body, the development of the limbs, and the 
structure of the mouth-parts, resembles the imago. In this stage 
the Insects cease to take nourishment, and also, as a rule, the capacity 
of locomotion is lost (quiescent or resting pupa). The pupa is often 
enclosed in a cocoon spun by the larva. If the limbs of the pupa 
stand out freely from the surface of the body it is known as free- 
limbed (jnipa libera^ the exaraie, incomplete, or sculptured pupa). 
In other cases the limbs which, in the resting pupa, are held closely 

pressed against 
^ the ventral side, 

become free imme- 
diately after the 
casting of the 
larval integument, 
but soon become 
glued to the sur- 
face of the body 
by the hardening 
of a tough secre- 
tion, so that their 
outlines are less 
distinct (Lepidop- 
tera and many 
Diptera). Such 
forms are known 
as mummy pupae 
(obtectedj laroate, 
or sigiiate pupa^ 
chrysalis). Among 
the Diptera it 
often happens that the pupa remains surrounded by the last larval 
integument (barrel-like pupa, pupa coarctata). 

The number of moults undergone by an insect with complete 
metamorphosis is limited, and never attains that found among the 
Homomorpha (Ephemeridae). 

Heuroptera. The larvae of the Sialidae^ which iu appearance resemble many 
Coleopteran larvae, have mouth-parts adapted for biting, like those of the 
imago. The larvae of the Megaloptera, on the contrary, have their mouth-parts 
singularly transformed for sucking the juices of tlieir prey ; the mandibles have 
a furrow on the lower side, and, with the maxillae, form on each side a sucking 
BuiHj. Some of these larvae are elongate and recall the Coleopteran larvae 




. 178.— il, Perlld larva, lateral aspect 
fter Gbaber). k, gill-tufts : st, stig- 
ata. B, larva of Perla bicaudata (after 
kstwood). 
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[MarUispa, the remarkable forai Sisyra which is parasitic on Spangilla), while 
others have a short and more compact body {Mynneleon), We find here a rare 
phenomenon, the substitution in the imago of biting mouth-parts for the 
sucking mouth-parts of the larva, which also occurs in the Dytiscidae among 
the Coleoptera. 

The pupa is essentially quiescent and free-limbed ; in the Megaloptei-a it lies 
enclosed in a coarse-meshed, rounded cocoon. In some forms, however, immedi- 
ately before changing into the imaginal form, it becomes capable of locomotion 
and wanders about before casting the pupal skin. In this condition we find a 
transition to the metamorphosis of the Paurometabola with nymphs capable of 
movement, 

Panorpatae. The larvae are cruciform and live beneath moss or undergiound. 
The head is heart-shaped and the mouth -pai*ts strong and adapted for biting. 
There may be eight pairs of ventral feet (on the 
first eight abdominal segments). At the end of 
the abdomen there is the rudiment of a pair of 
anal forceps which recalls that of the Forficulidae, 
These larvae are distinguished from similarly-shaped 
Lepidopteran and Hymenopteran larvae by the 
possession of compound eyes composed of closely 
crowded ocelli. 

Triehoptera. The Phryganeid larvae live chiefly 
in water in cases constructed by them out of foreign 
bodies (stones, parts of plants, snail-shells) ; these 
are in some cases attached to stones. In appearance 
(Fig. 179) they resemble the Coleopteran larvae. 
They have three pairs of long thoi*acic limbs, and 
at the end of the al)domen a pair of processes beset 
with hooks (h). At the sides of the abdomen (and 
of the meso- and meta-tliorax) tracheal gills {k) are 
found in the form of tubes or tufts. The pupa is 
free-limbed; the pupal stage is passed through ^^- 179.-Larva of Phry- 

within the larval case after another envelope has f^S* -^T ?ll.l'' ^^f!!' 

1 -xi.- -^ r» f i.1 ■ A, gtaspiug hooks ; fc, tra- 

been spun withm it. Before the imago emerges, cheal gills. 

the pupa becomes capable of locomotion, leaves 

the pupal envelope and creeps on to dry land, where the transformation takes 

place. 

Lepidoptera. The larvae here all agree in appearance and take the foim of 
caterpillars {eriici/omi). Most of them live on land ; only a few Pyralidae 
spend their larval life in water. In these latter, tubular tracheal gills may 
develop (Paraponyx; Acentropus, Hydrocampa, and Cataclysta^ on the contrary, 
are devoid of tnie tracheal gills). The most anterior of the thirteen extenially 
recognisable rings of the body represents the cephalic complex of segments. It 
carries the usually three-jointed, short antennae and the biting mouth-parts. 
A line ninning in the median plane, and known as the fork-line, corresponds 
to the growth -suture of the cephalic lobes. On the two sides of the head are 
found six (less frequently five) ocelli arranged in a semicircle. The three 
thoracic rings which follow after the head resemble in form the abdominal rings. 
The first pair of stigmata belongs to the pro- thorax, the eight subsequent 
ones to the first eight abdominal segments. The limbs are rarely altogether 
wanting {Micropteryx among the Tineidae) ; in other cases they are vestigial 
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(a few burrowing caterpillare). Usually, three paire of short, jointed thoncie 
limbs and five pairs of abdominal limbs are present. The latter are fonnd on 
the third to the sixth abdominal segment, and on the terminal segment as the 
so-called prolegs. They are truncated, and have a bilobate or circnlar sole 
beset with minute hooks. In Nepticitla^ there are in all eighteen limbs. In 
other cases, the number is diminished by the reduction of the alHlominal pairs, 
in some caterpillars, only two or three abdominal pairs of limbs being found 
(on the sixth to the ninth abdominal s^ment) besides the three thoracic pairs. 

The pupa is a mummy pupa {pupa oblccta), and is frequently enclosed in a 
cocoon. In a few Tineidae (especially in Micropteryx), the limbs are said to 
be partly free. The mouth-parts in their structure essentially resemble those 
of the imago. 

Diptsra. The larvae of the Diptera must in general be regarded as essentially 
degenerate forms. The variation found in the different sub-groups is all the 
greater on this account We have here the best examples of the type of limbless, 
soft-skinned ** maggots,'* whose body consists of a number of similar rings. 
Functional thoracic limbs are always wanting, and vestiges are only found on 
the first thoracic segment. In the same way, truncated ventral feet occasionally 
develop on the abdominal segments. The mouth-parts also are often quite 
vestigial. In most cases the integument is soft, but it may be of a firmer 
character {SiratiomySt in the larval skin of which, accoiding to Leydio, lime 
salts are deposited). The soft constitution of the integument may also extend 
to the cephalic segments {headless larvae) ; at this part, as a rule, however, a. 
chitinous oesophageal framework develops, or a more or less marked maxillary 
capsule. But only in those cases in which this chitinous capsule contains the 
cephalic ganglia is it designated as the actual " head " (Braver, eueephalie larvae). 

The pupa is not always quiescent. In indiWdual cases {Oulicidae) it moves 
about in the water by the contraction of the abdomen. The resting pupa 
is often enveloped in the larval integument, and is then known as the barrel- 
shaped pupa. It is either free-limbed (pupa libera), or, like the Lepidopteran 
pupae, is provided with limbs glued to the body {pupa obtecta, mummy pupa). 

The forms assumed by the Diptera larvae are utilised by Brauer (No. 100) 
for systematic purposes. He distinguishes two principal types, according to 
the manner in which the larval integument splits before the pupal stage is 
entered upon (or, in cases in which a barrel-like pupa is formed, when the 
imago hatches) : (1) the OrthoiJiapha, in which, as a rule, a longitudinal slit 
opens on the back and a transverse slit at right angles to it ; (2) Cyelorhapha, 
in which the slit is a circular one, tmnsverse to the long axis of the pupa, so 
that one or two caps are pushed off at the anterior pole. To the first type 
belong the encephalic larvae of the CuUddae and Chironomidae, and further 
the larvae of the TipulicUze, Cecidomyiidac^ Stratiomyidaey etc., while the 
Mtiscidaef Syrphidae^ and Pupipara belong to the second type. 

Great variety prevails with regard to the condition of the respiratory organs. 
Many larvae breathe only through the last pair of stigmata at the posterior end 
of the body which have remained open {metapneustic respiration)^ in others a 
pair of anterior pro-thoracic stigmata remain open in addition to the posterior 
pair, while the others are closed {ampkipncustic respiration) ; again, in other 
cases, some of the intermediate stigmata are also partly^ open {peHpneustiA 
respiration). The pupae of many forms, on tlie other hand, breathe only through 
the most anterior pair of stigmata which occur on the pro- thorax {propuusiic 
respiration). 
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Siphonaptera. The larva is limbless, has biting month-parts, and consists 
of a head and twelve more or less similar segments. It has ten pairs of stigmata 
on the three thoracic and the seven anterior abdominal segments. The pupa 
is free-limbed. The mouth- i)art3 and the fonn of the body i-esemble those of 
the imago ; it lies in a cocoon. 

Coleoptera. Many Coleopteran larvae are Campodeiform. They have three 
well-developed pairs of limbs on the thoracic segments and, at the end of the 
abdomen, in many cases, there is a pair of filamentous or stylet-shaped appen- 
dages. More frequently a pair of truncated prologs is found at the posterior 
end of the body. The head, which is always well developed, shows the fork- 
lino mentioned in connection with the Lepidoptera, and carries antennae, which 
are usually short, and a variable number of ocelli (six or fewer) on each side ; 
these, however, are often wanting. The mouth-parts are adapted for biting, 
the mandibles are, in individual cases (Dytiscidae), changed into sucking 
organs. There are generally nine |>airs of stigmata, the first of which occurs 
on the first or second thoracic segment, or on the boundary between the two, 
while the others belong 
to the first eight ab- 
dominal segments. The 
aquatic larvae {Dytixus, 
Hydrophilus) are meta- 
pueustic, some having 
tracheal gills {Gyrinua). 
The body may be elon- 
gated as in the thread- 
like larva of the ElcUer- 
idae; in other eases, it 
broadens out into a shape 
resembling the Isopoda 
{Pamidae). TheLamelli- 
com larvae are eyeless, 
soft-skinned, and whitish 
in colour, and are further 
distinguished by the sac- 
like enlargement of the last ring of the body {^Rfiizotrogus). In forms which 
bore their way into wood or un<ler the bark of trees, the limbs are vestigial 
or are altogether wanting {BuprestUiae^ Cerambycidae), Such degenerate larval 
forms may finally become maggot-like {Curculionidae, Bostrychidae). 

The pupa is free-limbed, and resembles the imago in the form of the body 
and in the structure of the mouth-parts. 

A complicated metamorphosis, named by Fabre (No. 106) hyper-metamor- 
phosis, is undergone by the Meloidae in adaptation to the peculiar manner of 
life of the larva. The young is at first an active Campodeiform larva (Fig. 
ISO A\ which attaches itself at the fii-st opportunity to the male of Ant?iqphora, 
and, during copulation, passes over to the female. As soon as the host has 
laid its eggs in the cell prepared for them in the earth and filled with honey, 
tho Sitaris larva takes possession of the cell, devours the egg, and subsequently 
lives upon the honey. Here it moults and passes into a stage in which it can 
only move slightly, and is maggot -like with educed limbs (Fig. 180 B). 
It then changes into a pseudo-clirysalis (Fig. 180 C), a quiescent, pupa-like 
stage. From the pseudo-chrysalis there emerges first a larva resembling the 




Fio. 180.— Metamorphosis of SiUait (after Fabrs, fW>m 
Lubbock). A, first larval stage. £, second larval stage. 
C, thinl larval stage (so-called pseudo-chrysalis) D, fourth 
larval stage. £, pupa. 
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second stage (Fig. 180 D), and then the actual pupa (Fig. 180 E), which changes 
into the imago. The freely moving as well as the resting stages are thus here 
multiplied. 

Hymenoptera. The larvae of the Hymenoptera belong to various types. 
The larvae of the Teivthredinidae^ which feed upon leaves, in appearance and 
colouring resemble the Lepidopteran larvae, and are therefore called false 
caterpillars (Fig. 181). They are distinguished from true caterpillars by the 
possession of a single ocellus on each side of the head, and by the unusually 
large number of abdominal limbs, the anterior pair belonging to the second, 
and not, as in the true caterpillara, to the third abdominal segment. There 
are generally six to eight pairs of abdominal appendages. An exception is 
afforded by the genus Lyda, in which, besides the thoracic limbs, there is only 
a pair of jointed appendages {cerci) at the posterior end of the body. Tliese 
false caterpillars resemble the larvae of the Uroceridae^ which bore into wood, 
but the latter are distinguished by the absence of eyes and of abdominal limbs. 
Most of the other Hymenoptera have degenerate larval forms in consequence 
of their peculiar and often parasitic or semi-jtarasitic manner of life. Whether 
the larva develops in vegetable outgrowths (galls), like many Cynipidacy or 
parasitically in other Insect larvae, like some Cynipidae^ the PUronjudidae, 
IchneuvwHidae^ etc., or whether it finds nutritive material in the cells con- 
structed and stored with food by the parent, or is fed during growth (Fossoria, 

Vespidaej Apidtu^ Formicidae) the 

passivity connected with its manner 

WBl^^^v of life always brings about a reduc- 

,]lMAJ^J^^Uil/^^ *^^^ ^^ ^^^^ limbs and of the mouth- 

>;5rv^vWv^V^^g parts, and an approximation to the 

general ap|iearance of the maggot. 
Fio. 181.— Enicifonn lar\'a of a Tenthridlnid In the larvae of Bees and Wasps, the 
(Tricfciowmo Z«corMi», after Westmtood). enteron remains closed posteriorly, 

and does not communicate with the 
proctodaeum which receives the Malpighian vessels. The pupal stage is 
generally passed through within a spun cocoon. The jmpa is free-limbed, and 
resembles the imago in structure, since, when the larva |Mtsses into the pupa, 
the limb-rudiments are only gradually protruded from the imaginal disc 
(pp. 371-374), the pui)al stage is preceded by a form showing the limbs only 
half protruded (Dewitz, No. 102), and it is this form that is known as th<» 
semi-pupa, sub-nymph, or pro-nymph. 

The eggs of the Ichneximonidae, Bracoiiidae, and Pteromalidae develop in the 
eggs or larvae of other Insects. The larvae of the Ichneumonidae are, as a rule, 
maggot-like. They may, however, possess at the posterior end of the body 
caudal appendages {Anomalon) or caudal vesicles {Microgastcr), which ai-e lost 
on entering the pupal stage. The Pteromalidae, on the contrary, undergo a 
very remarkable metamorphosis. The ontogeny of these forms which has been 
described by Filippi, Metschnikoff, Ganik, Aykrs, and Lemoine, is char- 
acterised by the absence of nutritive yolk from the egg, by the absence or 
imperfect development of the embryonic envelopes, by the early hatching 
of the larva, and by the strange shapes of the larval forms. We are still very 
much in the dark as to the first stages of development. In Plaly^Mer^ a 
continuous process of division gives rise to numerous cells, some of which soon 
become arranged to form a superficial layer which surrounds the embryo in the 
form of an envelope (corresponding to the serosa). The other cells form the 
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rounded embryonic nidiment, in which an outer ectodermal layer and an inner 
(lower) layer can soon be distinguished. The embryo now lengthens and is soon 
divided by means of a groove which sinks in ventrally into an anterior widened 
cephalic section and a posterior narrowed section. The stomodaeum appears as 
an ectodermal invagination in the cephalic section, and soon becomes connected 
^vith the enteron which has develo[)ed from the inner cells. The proctodaeum 
arises considerably later, and does not communicate with the enteron until a 
very late stage. In the cephalic section (Fig. 182) a pair of grasping hooks {Iif) 
develop at the sides of the mouth, and behind these a lower lip (ul). Another 



Flo. 182.— Stages in the development of Platygaster (after Gavin, fW)m Lubbock). SS, H, 25, 
so-called Cyclops-Vike larvae of three 8i>ecies of Platygaster; 26, second larval stage ; 27, third 
larval stage, a, antenna ; ag, salivary dnct ; ao, anas ; bsm, ventral ectodermal thickening ; 
«f , intestine ; ew, rectum ; /, furcal appendage ; fk, fat-body ; ffa, genital organs ; gh, 
proctodaeum; gme, supra-oesophageal ganglion; Js/, hook-like feet; l/g, lateral limbs; 
Im, $p, salivary glands ; md, mandibles ; mo, mouth ; mtl, stomach ; stk, $lk/, oesophagus ; 
tr, tracheae ; ul, lower lip. 

pair of limbs {Ifg) arise later at the posterior boundary of the anterior section, 
and a pair of short antennae (a) develop anteriorly. The posterior section of 
the embryo becomes divided up into several segments and nins out into a fork- 
shaped appendage (/) recalling the furca of the Copepoda. On this account the 
first larval stage that hatched from the embryonic integument after the harden- 
ing of the chitinous cuticle, was known as the Cyclops-like stage (Figs. 182 and 
183). It appears that, in this stage, only the intestinal canal and the limb- 
muscles have been differentiated, while the other still undifferentiated organs 
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lio as rudimeuts in a yentrally placed germ-1)and, and only attain development 
in the next stage. Into this latter the CyclopS'St&ge passes through a moult, 
and the larva is now an oval limbless body without segments (Fig. 182, S6). 
The nervous system, the salivary glands, and the proctodaeum now form as 
ectodermal invaginations, and the groups of muscles, by the arrangement of 
which the segmentation is recognisable, gradually develop. The last (third) 
larval stage, which follows the preceding after a moult, has the form of a 
segmented maggot devoid of limbs (j^). 

The larval forms in other related genera seem to vary greatly. In Tcleas 
there is also a Cyelops-stBige, but it is preceded by a spindle-shaped larva which 
is more equally segmented and has small stump-like mouth parts, while still 
devoid of grasping hooks (Ayers). Development here begins with the formation 
of a coeloblastula (Mktschnikoff, Ayers), in the inner cavity of which a 
lower layer forms by the immigration of cells. The rise of a median groove 
marks the bilateral symmetry of the embryo and an anterior thickening dis- 
tinguishes the cephalic end. 

All these larval forais of the Pteromalidac must be regarded as highly 
specialised, but we are not in a position to determine in individual cases the 
ontogenetic significance of the development of these remarkable forms.* 

The larval forms of the Insecta are very varied. A comparative 
review of them shows most clearly that the manner of life of the 
larva is the chief factor in determining its outward appearance. 
We thus have, in the phytophagous larvae that feed on leaves,* the 
cruciform type or poly pod caterpillar, in the forms that bore into 
wood, a similar type with powerful mouth-parts and strong cephalic 
capsule, but with degenerate limbs; where the life of the larva is 
more or less parasitic, the form is that of a maggot, etc. In other 
groups (Orthoptera genuina), the larvae of which agree in their 
manner of life with the adult, the outward appearance of the 
imagines is to a large extent already found in the larval forms. 
It is evident from these considerations that the metamorphosis of 
the Insecta can only to a limited extent be utilised for phylogenetic 
purposes. 

Above all, we must bear in mind that the larva which comes from 

the egg already shows the typical segmentation of the body, and that, 

therefore, in no single case are the ancestral forms which preceded 

the oldest Insect forms reproduced in the larvae. All that we can 

learn from the larvae of the Insecta is of value merely within the 

limits of this class. 

* [KpLAGiN (No. XXYIII.) has recently reinvestigated the development of Pla- 
tygastcr with special regard to the origin of the germ -layers ; there is no yolk, and 
the total cleavage which occurs is regarded by this author as a modification of 
superficial cleavage. IIknnkouy (No. XII.) similarly finds total cleavage and 
one embryonic envelope in the nearly allied Chaleididae. A curious condition 
is found by Marchal (No. XXXIII. ) in Encyrlus/ttscicoUis, a form closely related 
to Plaiygasler; here the ovum gives rise, not to one egg, but to a legion of 
small morulae, which form chains of 50-100. — Ed.] 
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The absence of wings in all insect larvae points back to the 
primitive nature of the Thysanura, and many insect larvae actually 
agree closely in appearance with the members of this genus. The 
Campodeiform larvae, the importance of which was specially pointed 
out by Brauer (No. 145), would thus represent the larval type 
which has most nearly retained the primitive character. As the 
chief characteristics of this type we would name : biting mouth- 
parts, jointed antennae, thoracic segments more or less resembling 
the abdominal segments, well developed thoracic limbs, a long, 
slender, ventrally compressed form of body, and two jointed pro- 
cesses (cerci) at the end of the abdomen. This type is fairly 
accurately adhered to by the larvae of the Ephemeridae, Perlidae, 
many Neuroptera, and many Coleoptera. 

The metamorphosis of the Insecta, as a rule, is more sharply 
marked in the higher orders, the separate stages being more unlike 
one another, and the transition between them not being gradual. 
We must therefore regard incomplete metamorphosis as the more 
primitive condition, and complete metamorphosis as a higher grade 
of individual development acquired in the Insecta. Consequently, 
the larvae of the Metabola must all be considered as derived forms. 
But in the Hemimetabola also, certain characters, phyletically con- 
sidered, must also be regarded as new acquisitions, e.g., the presence 
of a so-called closed tracheal system and of tracheal gills in many 
aquatic larvae, since, in all probability, this manner of life must 
be considered as only recently adopted. 

While, therefore, little importance attaches, phyletically, to the 
larval forms of Insects, certain features are perhaps of some value, 
in so far as the acquired larval forms also show a tendency to repro- 
duce the morphological characters of the ancestral forms. Among 
the features which have thus come to the surface again, we have : 
(l) the softer nature of the integument of the body-surf ace j (2)- the 
less marked separation of the thorax from the abdomen; (3) the 
more uniform segmentation of the extremities; (4) the absence of 
the facet-eyes ; (5) the frequent occurrence of abdominal limbs. 

2. Deyelopment of the ImAgo. 

We have already (p. 355) pointed out the characteristic distinction 
existing between the homomorphous orders of Insects on the one 
hand, and the holometabolic forms on the other with regard to the 
manner of development of the sexually mature (imaginal) condition. 
In the first group, the development of the adult is accomplished 
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through a series of gradual internal and external changes, not difi'er- 
ing essentially from the ontogenetic processes which occur in the 
metamorphosis of most other animals. We can here trace back the 
development of the wing-rudiments, the external genital apparatus, 
and all other alterations of form to simple growth of the larval body. 
The transformation of the internal organs, chief among which are 
the genital organs, is accomplished in an equally simple manner. 
We may perhaps assume, although this point has not yet been 
thoroughly investigated, that, simultaneously with the growth of 
the internal organs, a gradual regeneration takes place in them, as, 
indeed, is frequently the case with functional organs. We may 
assume that some of the cells or cell-groups, exhausted through the 
performance of their vital functions, are absorbed and replaced by 
fresh elements, so that a constant gradual regeneration of these 
organs is in progress. 

In the holometabolic orders of Insects, on the contrary, the tran- 
sition from the last larval stage to the adult form is accomplished 
through the intercalation of a resting stage (pupal stage), in which 
the acts of feeding, and usually also of locomotion, are suppressed, 
while the whole life-activities of the organism seem directed towards 
the important and complicated ontogenetic processes, which involve 
a complete destruction of many of the organs of the larva and their 
renewal from certain rudiments {imaginal discs) already present in 
the latter. Only a few of the organs found in the larva pass directly 
over into those of the pupa and the imago. Among these we must 
reckon the rudiments of the genital system. The heart also and 
the central part of the nervous system undergo only slight changes. 
Most of the other organs of the larva, on the contrary (the hypo- 
dermis, most of the muscles, the whole of the intestinal canal, and 
the salivary glands) are completely destroyed. Their cells, under 
the influence of the blood-corpuscles (leucocytes), which here act 
as phagocytes, break up into pieces which are taken in and digested 
by the latter, while, simultaneously with these processes of disinte- 
gration, the reconstruction of the organs from the formative centres 
(imaginal discs) already present in the embryo is accomplished in 
such a way as, in most cases, to preserve the continuity of the organ. 
We shall only be able to understand these processes by regarding 
them as an extreme case of the regenerative processes, which we 
assumed must occur in the Homomorpha. We shall then have to 
assume that at first only a part of the rudiment of an organ develops 
and functions for the use of the larva ; this part becomes exhausted 
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during larval life, so that it is no longer capable of performing its 
functions and therefore disintegrates, while another part of the 
rudiment remains from the first in an undeveloped condition, 
persisting as the imaginal disc, in order, during the pupal stage, 
to undertake the regeneration of the organ. 

It should here be pointed out that this remarkable method of development 
of the organs of the imago, although most marked in the Insecta, is also found 
indicated in other animal groups. We find repeatedly that, instead of the 
gradual transformation of a larval organ into the corresponding adult organ, 
another course is entered upon, the larval organ being destroyed or degenerating, 
and the corresponding organ in the adult appearing anew as a rudiment We 
refer here to Vol. ii, p. 812, where the disappearance and reappearance of limbs 
during the metamorphosis of the Crustacea is described. A similar phenomenon 
was mentioned in connection with the Acarina (pp. 104 and 105), in which a 
partial destruction and a reconstruction of the internal organs occurs. Where 
the distinction between the larval and the imaginal form of an organ is very 
marked, the latter mode of development may even appear as a simplification 
of the ontogenetic process. 

Although SwAMMERDAM had already shown that the limb-rudiments 
can be recognised under the integument of the larvae of holometa- 
bolic insects, onr more detailed knowledge of the changes connected 
with the pupal stage is due to the researches of Wsismann (No. 129) 
in connection with the ontogeny of the Diptera. The fact that later 
students of this subject, among whom should be named Ganin, 
ViAULANEs, KOnckel d'Hebculais, Kowalevsky (No. 112), and Van 
Kbes (No. 121), restricted their investigations to the same order, 
accounts for our being most familiar with the processes of meta- 
morphosis in the pupa of the Dipteran family Muscidae. Our 
description will therefore chiefly refer to this family. But since, 
as is easily seen, we have in the Muscidae the most complicated and 
the most modified ontogenetic conditions, we shall often have to take 
as starting-points the simpler formative processes found in other 
Holometabola, such as the Nematocera (Corethra), the Hymenoptera, 
and the Lepidoptera (Weismann, Ganin, Dbwitz, etc.). It should be 
mentioned that our knowledge of the subject is still very incomplete, 
and only the principal features can be regarded as established. We 
have, especially, no knowledge as to how far the conditions of the 
inner metamorphosis ascertained as prevailing in the Muscidae occur 
also in the other groups of Insecta, although it must be regarded as 
probable that similar processes take place in the pupae of the 
Lepidoptera, Hymenoptera, and perhaps also of the Coleoptera. 

We shall consider these ontogenetic processes under two heads, 

2b 
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discussing fiist the development of the external form of the body, 
and then the rise of the internal organs of the imago. 

A. Deyelopment of the external form of the Body. 

The external form of the imaginal body is already complete in 
rudiment in the pupa, so that the passage of the pupa into the 
imago takes place merely by an imfolding and hardening of parts 
already present. The form of the body of the imago must therefore 
be prepared in the last larval stages, and attains complete develop- 
ment at the pupal moult (the transition to the pupal stage). 

In most cases the transition from the larval shape to that of the 
imago consists principally of a modification of parts already present, 
new rudiments participating in it only to a limited extent In the 
Lepidopteran caterpillar, for example, the head, together with the 
antennae and mouth-parts, and, further, the thoracic limbs (though 
in an essentially modified form) pass over direct from the larva to 
the pupa. The compound eyes and the wing-rudiments arise as new 
rudiments. The latter appear on the meso- and meta-thorax of the 
larva in the form of wiagindL discs (mng-discs). The same is the 
case in very many other Holometabola, in which the transition from 
the larva to the pupa rests essentially upon a transformation of parts 
already present. We ought here further to mention modifications 
which occur in the abdomen, and which consist partly of the growth 
of the abdominal rudiments (extremities)) into external genital organs 
(ovipositors, poisonous stings, pp. 299 and 300), and partly of an 
apparent diminution in the number of segments. The latter may be 
brought about by a fusion of distinct segments, or by a union of the 
first abdominal segment with the meta-thorax (Hymenoptera), or else 
may be traced to a transformation of the most posterior segments 
into a telescopic genital appendage (ovipositor, penis). 

In those cases in which the larva is limbless (Diptera, many 
Hymenoptera, and Coleoptera), the limbs of the imago also arise 
as new formations in the form of imaginal discs (limb-discs). 

The metamorphosis of Corethra (Weismann, No. 130) may serve 
as an example of the simpler type of metamorphosis. The larva 
belongs to the encephalic type of Dipteran larvae, and consequently 
the head of the adult is present as a rudiment in this stage; this 
larval head, through certain modifications of its parts, passes directly 
over into the pupa. Even the compoimd eye is already found in the 
larva, a rare and exceptional occurrence among the Holometabola. 
The thoracic limbs, the wings and the halteres, on the contrary, are 
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developed as entirely new rudiments. We consequently find, in 
the last larval stage that precedes the pupal stage, correspondingly 
arranged imaginal discs. Each thoracic segment shows four such 
discs, two ventral and two dorsal (Fig. 183, ha and /a). The ventral 
discs {ha) become the limb-rudiments. Of the dorsal pairs of discs 
{fa\ that occurring in the meso-thorax becomes changed into wings, 
that in the meta-thorax into the halteres, while the corresponding 
rudiment in the pro-thorax yields, in Corethra^ the stigma-bearing 
dorsal process and, in Simtdia, a tuft of tracheal gills. If we examine 
€uch a rudiment (imaginal disc) of a limb more closely, we see that 
the limb itself as elsewhere (e.g., in the 
Hemimetabola) arises as an outgrowth of 
the surface of the body. The only dis- 
tinction here found is that the limb- 
rudiment, as a whole, appears sunk below 
the level of the surface of the body. It 
arises at the base of an invagination, in 
the same way as the head- and trunk-discs 
in the Pilidium larva of the Nemertini 
{Vol. i , p. 221), and the rudiment of the 
lower surface of the Echinoid body 
in the Pltdeus (Vol. i., p. 439). Such 
instances of the occurrence of rudiments 
of important parts of the adult body in 
an invaginated condition might easily be 
multiplied. For instance, the body-wall 
of the primary zooecium of the ecto- 
proctous Bryozoa is found invaginated in 

the larva (as the sucking-disc and mantle-cavity). The lumen of 
the invagination in which the limbs of Corethra (and of other 
Holometabola) appear as rudiments was called by Van Rees the 
penpodal cavity^ and the sheath which bounds it externally, and 
which naturally is continuous with the hypodermis, was named the 
perij)od(d membrane, * 

We must assume that, from the very first, an ectodermal and a mesodermal 
portion derived from the corresponding layers of the germ-band, take part in 
the rudiments of the limbs. The ectoderm of these rudiments is in continuous 
•connection with the peripodal membrane, and through it with the hypodermis 
-covering the larval body. Weismann was inclined to derive the organs that 
develop within the limb-rudiments (tracheae, muscles, etc. ) from growths of the 
neurilemma of a nerve joining the imaginal disc. For nerves and tracheal 
ramifications appear early on the inner surface of the imaginal dise^ 



Fio. 183.— Diagrammatic trans- 
verse section through a thoracic 
segment of a larva of Corethra 
(fh>m Lamo's Text-lHMk). ba, 
limb-rudiment; /a, wing-rudi- 
ment; be and fi, peripodal 
depressions ; Iky^ larval hypo- 
dermis; Ihf chitinous cuticle 
of the larva. 
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When the limb-rudiments increase in size, the peripodal membrane 
is correspondingly stretched, while the appendage mthin it assumes 
a more or less bent position. In consequence of this, the wing- 
rudiments seem folded, and the rudiments of the legs in Ocrethra 
are spirally coiled. The unfolding of the limb-rudiments is brought 
about by their protrusion from the invagination in which they were 
at first hidden. As they become more and more protruded, the 
peripodal depression becomes continually shallower, and finsJlj 
the peripodal membrane becomes completely evaginated and forms 
a part of the general hypodermis. 

The internal organs of Corethra^ as compared with those of other Holoxneta- 
bola, seem during metamorphosis to undergo only unimportant alterations. Of 
the striking processes of disintegration and of subsequent regeneration, which 
have been so well established for the Muscidae^ nothing is to be observed in 
Corelhrn. It deserves to be mentioned, however, that, according to Kowalevsky 
(Ko. 112), a disintegration of the larval and the development of the imaginal 
epithelium of the euteron of Corethra takes place in the same way as in Musca 
(see below, p. 383). Most of the larval organs pass directly over into the pupal 
and imaginal stages ; the general musculature also remains unaltered, but the 
muscles of the limbs and of the wings oome from new rudiments. The latter, 
accoi-ding to Weismakn, arise in the last larval stage from cell-strands which 
appeared as rudiments in the embryo. 

When we consider the unimportant character of the internal changes which 
occur during the metamorphosis of the Tipulidae, of which Corethra serves as 
an example, we shall hardly doubt that the conditions here found represent 
a transition from the incomplete to the complete method of metamorphosis. 
This is confirmed inter alia by the short duration of the pupal stage and its 
capacity for free movement, as also by the early appearance of the compound 
eye, a character which Corethra has in common with the Hemimetabola. 

We must now describe more in detail the development of the wings, which 
has been best ascertained in the Lepidoptera by Semper (No. 126), Landois- 
(No. 114), Pankritius (No. 120), and Schaffer (No. 124a). The wings, 
like the other rudiments of extremities, arise as simple outgrowths of the hypo- 
dermis within a peripodal depression. They thus at first represent a simple 
fold of the hypodermis, the point of insertion of this fold being connected 
internally with peculiar modifications of the fat-body and of the tracheal system. 
The fat-body at this point shows accumulations of small cells, which have l^een 
regarded by Schaffer as formative centres. The tracheae which join the 
wing-rudiments form a close network of very fine tracheal tubes, which develop 
as intracellular structures within single large matrix-cells (Landois, Schaffer). 
These networks of tracheae degenerate after the pupal stage has been entered 
f^^i. On the other hand, large tracheal ramifications develop which run inta 
the wings and lead to the development of their venation. When the caterpillar 
passes into the pupa, the wing-rudiments are evaginated from the peripodal 
cavity- by the action of increased blood -pressure. The Anng-rudiments thus 
become vesicles filled with blood which contain tracheal ramifications. At a 
later stage, however, the layers corresponding to the futui-e upper and lower 
surfftoes ^ the wings become closely applied and fuse, except along those lines. 
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that are occupied by the tracheal ramifications; here also the blood-flaid 
circulates, and these lines become transformed later into the network of veins 
in the wing. In later stages, tracheae are no longer to be found within the 
veins ; they have either degenerated or, as in Muscat according to Weisman^t, 
they have been ^vithdrawn out of the veins into the thorax. There, howevw. 
remains in the veins a strand, which was discovered by Semper in the Lepi- 
doptera, and which in early stages accompanies the tracheae ; this we may call 
the rib-strand (Skmper's iHng-ribs), It resembles a tracheal tube, and consists 
of an outer matrix and an inner intima which gives off projecting dendriform 
processes into the lumen. The centre of the lumen is occupied by a longitudi- 
nally striated strand (a secretion ?). Semper was able to prove the connection 
of these rib-strands, which, in the adult, are only to be found in the basal half 
of the wing, which they serve to support, with the tracheal system. These 
strands must therefore be transformed tracheae. Nerve-trunks are also found 
in the wing- veins. 

The cuticle of the wing, which does not develop until somewhat late, is 
considerably thickened on the surface of the veins. The manner in which the 
two hypodermal lamellae of the wings fuse is of some interest A "basal 
membrane" develops on the inner surface of the hypodermis on each side, 
while the hypodermal cells themselves become pillar-like. The two basal mem- 
branes become closely applied to one another, fuse, and finally disintegrate, 
so that, in the adult wing, the hypodermal pillars extend continuously through- 
out the whole thickness of the wing. 

It should here be mentioned that the facts of ontogeny are not favourable 
to Adolph's theory of wing-venation. According to this theory, the veins 
of the fully formed wing are to be divided into convex and concave veins, which 
differ in their origin, the concave veins being derived from tracheae, while the 
convex veins develop out of cell-strands into which tracheae can extend only 
secondarily. ' The system of convex veins and that of concave veins are origin- 
ally altogether distinct But it has been proved by Brauer and Redtenbacher 
(No. 101) for the wings of the Odonata, and by Grassi for those of the Termites, 
and more recently by Haase (No. 108) for those of the Lepidoptera, that the 
branches of one and the same tracheal trunk may be changed partly into convex 
and partly into concave veins, so that the postulate on which the theory Tests 
is negatived. This theory is also opposed by Van Bemmelen (No. 99), who 
confirms the observation made by Fr. Miller in connection with the 
NympJialidaet that the system of veins in the Lepidoptera immediately after 
entering the pupal stage differs in details from that of the adult form. The 
observation of the development of the venation in the wings has thus a certain 
phylogenetic significance. 

The hairs and scales of the Lepidopteran wing arise as outgrowths of single 
hypodermis-cells (mother-cells of hairs and scales. Semper). The characteristic 
definitive markings develop only after the differentiation of the scales. It must, 
however, be mentioned that, according to Van Bemmelen, the permanent 
markings are preceded by transitory markings, which are essentially distinct 
from the former, but have a few features in common with them. 

Much more complicated ontogenetic processes are met with in the 
Muscidae, The limb- and wing-rudiments here arise in the same 
way as in Corethra, But, in the Muscidae, the whole of the 
imaginal rudiment is shifted much further into the interior of 
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the body, the peripodal cavity appears closed and the peripodal 
membrane is connected with the hypodermis merely by a delicate 
thread-like stalk (Fig. 184 A, is; Fig. 185 A, st). These connective 
stalks, which were recognised by Dbwitz* (No. 102), who correctly 
grasped their significance, have a fine lumen, as was shown by Yax 
Kbes (No. 121), who has recently studied these structures more 

closely. Although the first 
developmentof the imaginai 
discs in the embryo of the 
Museidae is still unknown^ 
we shall not err in tracing 
them back, like those of 
CarethrOj to hypodermal 
invaginations*. We must 
then regard the stalk-like 
connection as the long 
drawn out neck of this 
invagination. 

In other respects the 
development of the ex- 
tremities (Fig. 184) takes 
just the same course as in 
Corethra. The rudiments 
of the legs increase in size 
and early show traces of 
the later segmentation. 
They appear packed into 
the peripodal cavity in 
such a way that the differ- 
ent joints of the limbs 
telescope into each other 
"like the rings of a traveller's drinking cup" (as Van Rkes 
appropriately expresses it). The evagination of the developed 
limb-rudiments, which occurs on the first day after the commence- 
ment of the pupal condition, takes place by the shortening of the 
stalk of the imaginai disc (Figs. 184 B, and 185 B) and the widen- 
ing of its lumen, which allows the extremity, as in Corethra^ to 
emerge finally through the widening aperture of the peripodal 
invagination (Figs. 184 C, and 186 A). While the latter at the 
same time gradually disappears, the peripodial membrane is utilised 

* KttNCKEL d'Hercvlais (Xo. 118) also recognised these strands. 




Fia. 184.— Diagrammatic transverse section through 
the larva and pnpa of hUisca^ to illostrate the 
development of the wings, the leg», and the imaginai 
hypodermis (from Lano's Text-book). 5, limb- 
rudlments ; Jl, wing-rndiments ; ihy, imaginai hypo- 
dermis, in D extending from the base of the 
imaginai discs ; iid, imaginai discs of the wings ; 
iiv, imaginai discs of the legs ; i$, strand connecting 
the rudiment with the hypodermis; Ih, chitinotui 
inti^gument ol the larva; My, larval hypodermis 
(indicated by two thin parallel outlines, while the 
imaginai hypodermis is represented by thick black 
lines). 
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for the formation of a hypodermal thickening in proximity to 
the point of insertion of the limb, and this thickened part of the 
hypodermis gives rise, as we shall see below (p. 379), to the forma- 
tion of the whole imaginal thorax, while the hypodermis of the 
larva disintegrates. 

We must here touch upon the question of the first appearance of the meso- 
dermal portion of the rudiments of the extremities. In the imaginal discs of 
developing larvae of Musca^ a separation into an outer ectodermal and an inner 
mesodermal portion is always found. Ganin (No. 107) derives the mesodermal 
portion from a differentiation and delamination of the innermost layers of the 




Fio. 185.— Diagrams illactrating the position of the imaginal discs in the larva (A) and popa 
(B) of Mn$ca (taken fh>m Van Rees). The wing-rudiments are omitted, (u, optic disc ; at, 
antennal mdiment ; ZA, Vt, &3, rudiments of the three thoracic limbs ; hg, ventral chain of 
ganglia; g, brain; h, so-called "brain-appendage"; m, peripodal membrane; o, aperture of 
the brain-appendage into the pharynx ; oe, oesophagus ; p, so-called "pharynx" ; r, rudiment 
of the proboscis ; », ftontal disc ; 8<, stalk-like connection between the peripodal membrane 
and the hypodermis ; /, //, ///, the three thoracic segments. 

ectodermal portion, and Van Rees has supported this view. Eowalsvskt 
(No. 107), on the contrary, tends to the view that the mesodermal part of the 
imaginal discs is to be derived from the cells of the embryonic mesoderm. He 
finds, scattered in the mesoderm, beneath the hypodermis of the larva, so-called 
toandering cells (Fig. 190 A^ w, p. 883), which differ in appearance from the 
leucocytes, and which represent the elements from which the formation of the 
mesodermal part of the imaginal rudiments proceeds. Kowalevsky is disposed 
to assume an imaginal rudiment for every segment, this rudiment being, 
however, so delicate and undifferentiated as not to be discoverable in the first 
stages. From these imaginal rudiments of the mesoderm, the above-mentioned 
wandering cells would be derived, and would only secondarily become connected 
with the imaginal discs. 
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The development of the cephalic region in the Mitscidae is more 
complicated, and still, in spite of the descriptions of Wbishanh 
(No. 129), Van Rbbs (No. 121), and Kowalevsky (No. 112), difficult 
to understand. In this connection we must recall the fact that the 
cephalic region, in the larva of the Muscidae, occurs in an extremely 
reduced condition, the head-region being represented only by the 
most anterior and smallest of the twelve segments of which the 
body of the conical larva is composed. Its small size is partly to be 
ascribed to the fact that a considerable portion of the head is here 
present in an invaginated condition. For, as has been shown by the 
researches of Wbismann, the anterior part of the head, the mandibles, 
and the whole of the region surrounding the mouth are invaginated 
in the last embryonic stages, and in the fully-formed maggot are 
represented by that depression (Fig 185, p) in which the hook- 
apparatus, characteristic of the larvae of the Mttscidae, develops. 
This invaginated part of the head into the base of which the 
oesophagus now opens, has been named, not very happily, the 
oesophageal bulb or pharynx^ and it must for the present be held - 
that the cavity thus named does not belong to the alimentary canal. 
It is an invaginated section of the head, and the formation of the 
imaginal head consists for the greater part merely in the evagination 
of this region. 

The first rudiments of the most important parts of the head (the 
eyes, the antennae, and the frontal region) are found in the youngest 
larvae as a pair of cell-masses lying in the thorax, closely applied to 
thB halves of the brain (and therefore called by Wbismann brain- 
appendages). These are, probably from their first origin, connected 
anteriorly with the pharynx, and might be described as the imaginal 
diW6 of the head. In the later stages these assume the form of a 
pair of long sacs expanding posteriorly (Fig. 185-4 and B^ ?i), and 
may no doubt, according to their origin, be regarded as outgrowths 
of the larval pharynx (see above). Epithelial thickenings soon 
appear in the walls of these sac-like "brain-appendages," and in 
these can be recognised the rudiments of definite parts of the head. 
A disc-like thickening appeare in the posterior widened portion of 
each of the appendages, this represents the rudiment of the com- 
pound eye, and is consequently called the optic disc (as). On the 
basal surface of the optic disc there is a cellular expansion connected 
with the supra-oesophageal ganglion by a nerve. This nerve becomes 
the optic nerve of the adult, while the optic ganglion becomes more 
distinctly separated from the brain. In the anterior, more cylindrical 
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or tubular portion of the " brain appendages " we find the frontal 
disc (««), from which the antennal rudiment soon grows out in just 
the same way as do the limb-rudiments from the base of the imaginal 
disc that gives origin to them. 

Originally (Fig. 185 ^) the "brain appendages" lie somewhat far 
back, in the thorax of the larva, so that they connect the posterior 
part of the wall of the pharynx with the most anterior segment 
of the brain. Later, however, after the pupal stage has been entered 
upon, they, together with the central nervous system, shift further 
forward (Fig. 185 B), so that their anterior extremities, which are 

at 




Fio. 186.— Diagram illustrating the transformations that take place in the pupa of Mvsca 
before it hatches (adapted fjrom Kowalevskt and Van ReksX The wiog-rudiments are not 
drawn, (w, optic disc ; at, antennal rudiment ; h\ bs, 19, rudiments of the three thoracic 
limbs ; bg, ventral chain of ganglia ; g, brain ; k, cephalic vesicle (formed by the union of 
the pharynx with the brain appendage); oe, oesophagus; r, rudiment of proboscis; a, 
fh>ntal disc ; /, //, Hit the three thoracic segments. 

now bent ventrally, embrace the pharynx laterally (if we have 
rightly understood the descriptions of Weismann and Van Rees). 
At the same time the communication between the "brain-appendages" 
and the pharynx (Fig. 185 B, 6) becomes wider and wider, and soon 
extends in the form of lateral oesophageal slits along the whole 
length of the brain -appendages. By this means, the lumina of 
the brain-appendages and of the pharynx flow together so completely 
that the two soon represent only one single vesicle, -the cephalic 
vesicle (Fig. 186, k). The walls of the cephalic vesicle are nothing 
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more than the external surface of the permanent head, and the most 
important parte of the latter (antennae, eyes, rudiments of the 
proboscis) can abeady be recognised on them. It only remains for 
the cephalic vesicle to be evaginated through the aperture of the 
pharynx (+to+)»8oasto produce the completed head of the 
pupa. By this evagination of the parts formerly invaginated, that 
which was before the aperture of the pharynx becomes the neck- 
region (Fig. 186 jB, + to +), which now connects the head with 
the thorax (Van Reks). The protrusion of the "cephalic vesicle," 
which was directly observed by Weismamn, seems to be caused by 
the increase of pressure from within, brought about by the con- 
traction of the posterior parts of the body. In accordance with the 
conformation of the imaginal head thus produced, the anterior end 
of the oesophagus becomes ventrally flexed. 

We hAve pointed out above that the so-called pharynx is nothing more 
than an invaginated portion of the external surface of the larval head. The 
"brain-appendages" must be regarded as diverticula of this invagination, in 
which the separate parts of the head appear as rudiments in an invaginated 
condition. They may thus be compared throughout with the rudiments of the 
thoracic limbs. All these "imaginal discs," according to their origin, have 
to be derived from invaginated portions of the oztemal surface of the body. 
It is difficult to reconcile with this hypothesis the accounts of Grabsr (No. 
28), who in a later embryonic stage of CalHphora (M^uca of most authors) 
observed the rudiments of the imaginal discs lying as simple epithelial plates 
in the interior of the body. Since Gbaber left uninvestigated the preceding 
and the subsequent ontogenetic stages, we can only record his statement, and 
must leave the problem to be solved by future researches. 

B. Development of the Intemal Organs of the Imago. 

It has already been mentioned that most of the organs of the 
larvae of the Mvscidae (and of most Diptera, Lepidoptera, Coleoptera, 
^ and Hymenoptera) undergo 

disintegration through the 
action of the blood-corpuscles 
(leucocytes), and that their 
reconstruction proceeds from 
certain embryonic cell-groups, 
the imaginal discs. Disin- 
tegration and reconstruction 
take place during the pupal 

Fio. IST.-DIagram illustrating the formation of ^^g^. ^^ gradually that in 

the imaginal hypodermiii in the abdomen of the many cases the continuity 

MMKidnt (from Lano'b Text-hook), hi, imaginal « /^ . j. j- j. i. j 

discs of the hypoderraia ; \h, larval hypodennle. 01 the Organ IS not aiSturbea 
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during the course of these processes. Snch transformation affects 
especially the hypodermis, the intestinal canal, the muscles, the fat- 
body, and the salivary glands. The modification of the tracheal 
system can only to some extent be classed in this category; other- 
wise it appears to be due to simple regeneration through division 
of the cells. The heart, the central nervous system, and the genital 
rudiments undergo slighter alteration. The changes that take place 
in the different organs must now be discussed separately. 

Hypodexinis. 

The hypodermis of the imago arises through an extension of the 
ectodermal portion of the imaginal discs. This has already been 
stated in connection with the thorax (p. 375). While the limbs 
of the thorax gradually attain development in the pupa, a hypo- 
dermal layer, consisting of numerous small cells, extends from their 
points of insertion; this layer, which apparently arises from the 
peripodal membrane, spreads more and more over the surface of the 
pupal thorax, while at the same time the area of the large-celled 
larval hypodermis is correspondingly more and more circumscribed. 
The flat edges of the newly-formed hypodermis (Figs. 187, hi and 
188, i) grow into the slit between the superficial cuticle and the 
larval hypodermis (Fig. 188, A), so that, at these points, the old 
hypodermis which is undergoing disintegration comes to lie on the 
inner side of the newly-formed epithelial layer (Fig. 188 B), It is 
tffus evident that, during the substitution of the new for the old 
hypodermis, the continuity of the superficial epithelium does not 
anywhere appear interrupted. Since the edges of these two hypo- 
dermal envelopes overlap, there is not anywhere a point of the 
body-surface devoid of epithelium. The disintegration of the larval 
hypodermis is accomplished by the action of the leucocytes (Fig. 
188, k), which become massed in the neighbourhood of the dis- 
integrating hypodermal cells and ingest the latter. Since the 
assimilated fragments assume the shape of rounded granules, the 
leucocytes may now be distinguished by the name of the granular 
spheres (Wbismaxn). The granular spheres, which abound in the 
future body-cavity of the pupal stage, are therefore nothing more 
than leucocytes (blood-corpuscles) which have assimilated the dis- 
organised tissue of the disintegrating larval body. It should here 
be noted that the breaking-up of the larval tissues is not preceded by 
the death of the cells, but is the result of the action of leucocytes on 
the still living tissues which have lost their active functions. While 
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tissues fully capable of vital activity, e.g., those of the imaginal discs, 
resist the attack of the leucocytes, the larval tissues, less capable 
of vital activity, are broken up into fragments by the attack of 
the leucocytes, and are simply devoured and digested by them. 
These processes may best be followed in the disintegration of the 
larval musculature. The destruction of most larval organs is thus 
due to the capacity for the taking in of nourishment and for intra- 
cellular digestion possessed by the amoeboid blood-corpuscles. This 
capacity has been specially emphasised by Metschnikoff (Nos. 116 
and 117), who with reference to this significance of the blood- 
corpuscles has called them phagocytes. 





FiQ. 1S8.— SectionH through a hyx>odeniial iinaginnl disc in the abdomen of Mu3oa (after 
Kowaleysky). Af through the larva. B and C, throngh the pupa, h, lar\'al hypodermis ; 
h\ detached portions of the same attacked by phagocytes ; t, imaginal disc ; A:, pbagocytea 
containing disorganised hypodermal colls (so-called granular cells); k\ phagocytes enclosing 
hypodermal nuclei ; ?», mesodermal rudiment of the imaginal disc ; w, wandering cells. 

The re-formation of the hypodermis is accomplished in the head 
and in the abdomen in the same way as in the thorax. In each 
of the eight segments of which the abdomen of the larva consists, 
there are, according to Ganin (No. 107), four islands of small cells; 
these are the imaginal discs (Figs. 187, hi, and 188, i) from which 
the re-formation of the hypodermis proceeds. A^an Rees has recently 
discovered another pair of small imaginal discs on the abdominal 
segments. The four discs that occur on the last body-segment, 
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closely crowded together, encircle the anal aperture (Fig. 189, «w«) 
and take part in the formation of the proctodaeum, yielding the 
rudiments of the rectal sac and the rectal papillae. To this segment 
apparently also belong the two pairs of imaginal genital rudiments 
(rudiments of the external genital organs) which were demonstrated 
by KCnckbl d'Hbrculais (No. 113) in VoluceUa. 

It should be mentioned that a ccU-accumalation representing the permanent 
mesoderm (Fig. 188 C, m) is found on the inner surface of the abdominal 
imaginal discs as on that of the thoracic discs, this accumulation being the 
starting-point for the development of the mesodermal structures of the abdomen. 
KowALEVSKT, as above mentioned (p. 875), has traced back the origin of this 
mesoderm-accumulation to the so-called wandering cells (Fig. 188 Ay to), while 
earlier authors were inclined to derive them through delamination from the 
ectoderm of the imaginal discs. 

The newly-formed hypodermis extends very rapidly over the 
surface of the body, so that the areas of hypodermis originating 
from the different imaginal discs soon flow together. While this 
perfecting of the permanent hypodermis is taking place, that of 
the larva is finally destroyed by the phagocytes. 

MnfictQatnre. 

The greater part (or the whole mass) of the larval musculature 
undergoes a process of disintegration by means of phagocytes 
precisely like that described above in connection with the larval 
hypodermis; the disintegration of the muscles is, indeed, the first 
process to take place in the pupa. The muscles of the most anterior 
segments of the body disintegrate first; and the superficial layers 
are affected before the deeper ones. 

The disintegration of the larval muscles is brought about in the 
following way. A large number of amoeboid blood-corpuscles, which 
have collected on the surface of the muscle-bundle, penetrate through 
the sarcolemma and wander into the interior of the muscle-substance, 
pressing into fissures which develop in it. It often appears as if the 
muscle-substance is actually cut out in the parts corresponding to 
the processes of the phagocytes which extend into it. The muscle, 
in this way, breaks up into a number of particles which soon become 
rounded and are immediately swallowed by the phagocytes. The 
muscles are thus transformed into a great accumulation of granular 
spheres, which finally shift apart and become scattered in the body- 
cavity of the pupa. The muscle-nuclei are digested and assimilated 
by the phagocytes in the same way as the muscle-substance. 
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Fio. 189.— Larval digestive tract of one of the 
Mtueidat with the imaginal discs depicted (after 
KowALEVBKv). bd, caecal tubes of the chyliflc 
stomach ; eft, chyliflc stomach ; /, fat-cells at 
the apex of the salivary glands ; h, proctodaeal 
imaginal Fling ; ht, proctodaenra; ie, imaginal 
colls of the mid-gut epithelium ; tm, imaginal 
cells of the muscles of the mid>gut ; im«, pos- 
terior abdominal Imaginal disc; is, imaginal 
rings of the salivary ghinds ; mo, Halpighian 
vessel ; pr, proventriculus ; 8, sucking stomach ; 
apt salivary glands; v, stomodaeal imaginal 
ring. 



Van Rees and Eowalkvskt 

are in entire agreement with r^rd 
to the details of the disintegration 
of the larval muscles by phagocytes, 
wliich had already been the subject 
of conjecture to Mxtschnikoff 
and Ganin. According to Van 
Rers, not all the muscles of the 
larva undergo such disintegration. 
Certain dorsal groups of the ex- 
ternal oblique muscle of the second 
thoracic segment are retained and 
pass over into the wing-muscles oi 
the adult after radical internal 
modifications consisting of an in- 
crease in the number of the nuclei 
and a rearrangement of the muscle- 
substance. This manner of tran- 
sition from larval to imaginal 
musculature appears very remark- 
M€y but the descriptions of Van 
RiEs leave hardly any doubt as to 
the accuracy of these observations.* 

As a rule, the formation 
of the imaginal muscle-groups 
takes place from the permanent 
mesoderm, which is derived 
from that of the imaginal 
discs (Fig. 188 (7, w). We 
have already stated (pp. 375- 
381) all that is as yet 
known as to the origin of 
the former. 

Intestinal OanaL 
The disintegration of the 
larval intestine and the de- 
velopment of the permanent 

* [According to recent investip- 
tions by Kawawaiew(No. XXI v.), 
phagocytosis plays a very unim- 
portant rOle in the metamorphosis 
of Lasius, this being especially 
noticeable in the disintegration of 
the larval muscles ; the pliagocytes 
here do not cause the liquefaction 
of the fibres, but are only concerned 
in the absorption of the liquid 
mass. — Ed.] 



Digitized by 



Google 



INTESTINAL CANAL. 383 

organ from distinct imaginal discs take place, as with the hypo- 
dermis, side by side, in such a way that the continuity is not 
anywhere interrupted. We owe our knowledge of the imaginal 
discs of the intestinal canal to Ganin (No. 107). More recently, 
XowALBVSKY (No. 112) and Van Rees (No. 121) have described the 
development of the intestinal canal in detail. 

The imaginal discs of the intestine, which in the pupa is very short, 
are found in the enteron 
in the form of numer- 
ous scattered cell-islands 
(Fig. 189, ie); in both 
the stomodaeum and 
proctodaeum these ap- 
pear as a ring (v and h) 
of imaginal tissuecapable 
of great increase. The 
imaginal ring of the 
fore-gut (v) lies in the ,^^ 
region of the so-called """ 
proventriculus (pr, cf. 
Fig. 191, im), while 
that of the hind -gut 

is to be sought immedi- ^<*- 190.— Xransverw secUon through the pupal midgut 

® of one of the Muteidae (after Kowalbv8KyX «, degen- 

ately below the aperture erating larval epithellam ; /, the newly-ftjnned ceU- 

of the Malpighian ves- ^^^ ~"!^ *^« "T ' "^ T"^"?*' ~*V m' ^^^^k * 

^ ° ^ cells of the moacular coat; o, imaginal discs of the 

sels. The regeneration mid-gut epithelium; <, tracheal trunks. 

of these two parts of 

the intestinal canal is not exclusively brought about by these two 
rings, but the imaginal rudiments of the neighbouring parts of the 
body- surface participate in it. It thus appears that the most 
anterior part of the oesophagus is yielded by the imaginal discs 
round the mouth, while the discs of the eighth abdominal segment 
that surround the anus (Fig. 189, ims) produce, by invaginating, 
the rectal sac and the rectal papillae. 

The development of the permanent mid-gut (chylific stomach) 
proceeds in such a way that the island-like imaginal discs, increasing 
considerably in number, extend over the external or basal surface 
of the epithelium of the larval enteron (Fig. 190, o) until they come 
into contact and fuse, the wall of the imaginal intestine being thus 
formed. The whole of the larval enteric epithelium (e) is at the 
same time cast off into the interipr of the gut and, surrounded by 
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a layer of small cells (/), perhaps derived from the imaginal discs^ 

as well as by a gelatinous envelope, forms the so-called yellow 

body which, until its disintegration, remains lying in the pupal 

intestine. The larval muscular coat {Im) 

remains intact so long as the imaginal 

mid-gut is not completely developed, 

but is afterwards attacked by phagocytes 

and destroyed. The permanent muscular 

j^ layer develops from single cells lying on 

the outer surface of the imaginal discs 

(Figs. 189, im and 190, m), which must 

be described as special imaginal cells of 

f^ the intestinal muscles. 

The metamorphosis of the fore-gut is 

commenced by the degeneration of the 

proventriculus and of the sucking stomach. 

The proventriculus or gizzard (Fig. 191, 

pr\ which seems to be formed by a 

process of infolding or intussusception of 

the fore -gut, degenerates through the 

flattening out of this fold. The sucking 

stomach also degenerates in a similar 

way, retreating more and more into the 

oesophagus, so that, in place of the 

original diverticulum, there now only 

remains a widening of the lumen of the 

oesophagus. At the same time, this part 

of the gut is attacked and disintegrated by phagocytes, while the 

disorganised parts are replaced by the gradually extending imaginal 

portions of the wall. The imaginal ring of the fore-gut (Fig. 191, 

im)^ which, according to Kowalbvsky, undertakes the formation of 

a great part of the permanent oesophagus, closes posteriorly, so that 

the communication with the mid-gut seems to be interrupted. 

The transformation of the hind -gut takes place in a similar 
manner. Here also the imaginal ring extends so as to form a tube 
which, growing round the opening of the Malpighian vessels, closes 
towards the mid -gut, while posteriorly it is connected with the 
disintegrating proctodaeum. In a similar way, the territory of 
the proctodaeum is circumscribed by an imaginal tube growing 
from behind, formed by one of the imaginal discs found in the 
neighbourhood of the anal aperture, till finally, when the whole of 



Flo. 191.— LoDgitudinal section 
through the larval proventri- 
cnlas of one of the Muscidae 
(after Kowalevsky). im, 
Btomodaeal imaginal ring ; oe, 
oosophagas ; |>n, proventri* 
culuf. 
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the larval hind-gut is changed into granular cells, the two imaginal 
sections of the tuhe seem to l)e approximated until they come into 
contact. 

In the above description, we have mainly followed the aocoonts of 
KowALZvsKT. According to Van Rees, the reconstmction of the fore- and 
hind-guts is brought about, not merely by the imaginal discs already mentioned, 
but a simultaneous regeneration of the larval epithelium takes place, only some 
of the cells of the larval epithelium undergoing disintegration, while others, on 
the oonti'ary, undergo repeated division and form a portion of the imaginal 
oesophagus. 

The salivary glands of the larva (Fig. 189, sp) are entirely destroyed by 
phagocytes. They are reconstructed from the imaginal discs which, according 
to KowALEYSKY, form a ring at the anterior end of the glandular tube {ef. the 
statements of Schiemenz, Xo. 125). 

From the accounts hitherto given, it is difficult to make out what kind of 
transformation is undergone by the Malpighian vessels. According to Van Rees, 
a regeneration of the larval cells through division may take place, or these 
elements may disintegrate. 

The method of transformation of the intestinal canal described above seems 
very widespread among the holometabolic Insecta. It has been observed not 
qnly in Diptera, but also in Lepidoptera (Kowalbysky, Frenzbl), Coleoptera 
(Gaitin), and Hymenoptera (Ganin). The casting of the. mid-gut epithelium 
was also found by Eowaleysky in Ccrethra^ Ctilex, and Chironomua, 

[In this connection the more recent works of Renoel (No. XXXVII. ), 
MoBUsz (No. XXXIV.), and Karawaiew (No. XXIV.) should be con- 
sulted.— Ed.] 

The Tracheal System. 

The fact that the tracheal system undergoes important transfonna- 
tion during metamorphosis is demonstrated by the entirely different 
form assumed by it in the larYa, the pupa, and the imago. We have 
only to recall that the larYa of the Mtiscidae breathe through a pair 
of stigmata at the posterior end of the body, the pupa through one 
occurring in the pro-thorax, while the imago possesses six pairs of 
stigmata (situated on the meso-thorax, meta-thorax, and four abdominal 
segments). There is no doubt that in the larva and pupa the other 
stigmata are closed. The tracheal strands connected with the latter, 
as well as some other parts of the tracheal system, as pointed out by 
Wbibmann, seem to function as imaginal discs for the regeneration of 
the tracheal matrix (Van Ebes), and a regeneration of this epithelium 
can also frequently be seen to proceed from simple division of the 
cells. The disintegration of the degenerating parts of the tracheal 
system is accomplished under the influence of phagocytes in the way 
already described. 

2c 
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The Nerroiu System. 

The central parts of the nervous system pass directly over from 
the larva to the imago, although they undergo considerable modifica- 
tions of form and position. At the same time certain histological 
changes, known as histolysis^ are said by Weismanx to take place in 
them, e,g,t a disintegration and reconstruction of the tissues within 
the organs without disturbing their continuity. Recently, however, 
the term hystolysis has been applied to the disintegration of the 
tissues of the pupa generally. 

We have as yet little light on the question of the transformation 
of the peripheral nervous system. Although it must be considered 
probable that the destruction of the larval muscles is accompanied 
to some extent by a degeneration of the motor nerves, this is not 
the case with the nerves that run to the extremities. These can 
be recognised in the larva in the form of nerve-strands connect- 
ing the imaginal discs with the central nervous system. These 
strands, according to Van Bbis, pass over from the larva to the 
pupa and imago, so that, when the limb-rudiments develop further, 
only the distal parts of the nerves belonging to them appear as new 
formations. 

The Fat-body. 

The fat-body of the larva also is destroyed through the action 
of the phagocytes in the way described in connection with other 
tissues. Its reconstruction appears to proceed from the mesoderm 
of the imaginal discs. It is possible also that the accumulations 
of embryonic cells, assumed by Schaffer to be formative centres, 
have to do with the regeneration of the fat-body. In any case it is 
to be derived from mesodermal tissue. Even though Wielowibjskt 
observed the origin of the fat-body in Corethra from a cell-layer 
lying beneath the hypodermis of the larva, such an observation does 
not necessarily support the view of Schaffer, who thought he had 
convinced himself that, in Musca, the fat-body of the larva is 
derived partly from the hypodermis and partly from the tracheal 
matrix, and thus from ectodermal tissue. 

The ultimate fkte of the Fhagocytas. 

We have seen that the development of the imaginal organs, in 

cases where these are not taken over direct into the pupa, always 

proceeded from the imaginal discs. The phagocytes, the number 

of which increases greatly in the pupa, do not (as was formerly 
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thought) take any direct share in the building up of the tissue. 
Their significance seems to be that of destroyers of the larval organs 
T^rhich are doomed to destruction; the constitiient parts of these 
organs are taken in and digested by them, and, through their 
capacity of locomotion, they conduct particles of nourishment to the 
organs that are in process of reconstruction. But what is the fate 
of these elements after the ontogenetic processes in the pupa are 
completed 1 There can be no doubt that some of the so-called 
granular cells develop into ordinary blood-corpuscles. The majority 
of them apparently undergo degeneration. The phagocytes them- 
selves are finally used as food for the newly-formed tissues. Interest 
attaches here to the observation of Van Bees that many phagocytes 
finally wander into the newly-formed hypodermis, and there, in the 
spaces between the hypodermal cells, undergo degeneration. 

General considerationB regarding the development of the 
Imago in the Pqiml 

We have seen that the development of the body of the imago 
proceeds from distinct formative centres (imaginal discs) already 
present in the larva, having appeared during embryDnic life. We 
have met with such imaginal discs in connection with the different 
parts of the head, the limbs, the hypodermis, and the various parts 
of the intestinal canal. We have seen that the development of the 
mesodermal organs of the imago (muscles, connective tissue, fat-body) 
proceeds from a mesodermal part of the imaginal discs, the first 
origin of which, however, is still somewhat obscure; Simultaneously 
ivith the building up of the imaginal organs, we have the destruction 
of the larval organs through the action of the phagocytea These 
two processes (disintegration and regeneration) go on side by side in 
such a way that the continuity of the organ is in most cases perfectly 
preserved, complete disintegration of the larval tissue only occurring 
after the development of the permanent organ. The musculature of 
the larva here forms an exception, as it undergoes disintegration very 
nearly. 

We must, in conclusion, once more point out that the shaqj 
distinction between the larval, the pupal, and the imaginal stages 
seems to be founded only upon the appearance of the external 
surface of the body, as resulting from the consecutive moults. The 
phenomena of internal development, on the contrary, represent a 
complete, continuous series of transformations, which do not show 
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any such abrupt changes. We can, however, in the main, distinguish, 
according to the vital functions belonging to them, the forms of the 
larval, the pupal, and the imaginal stages. 

m. Paxthenogenesis, Paedogenesis, Hetdrogeny. 

A capacity for developing unfertilised eggs in a parthenogenetic 
manner has repeatedly been observed in the Insecta. Partheno- 
genesis may here be either occasional (e.^., many Lepidoptera, 
Bomhyx^ Liparis) or may be of normal occurrence, often recurring 
at fixed intervals in the ontogenetic cycle.* The males of the social 
Wasps and Bees, for instance, are produced from eggs that develop 
parthenogenetically. This is also the case in the Ants, and in 
Neinatu8 and other Tenthredinidae^ while, in the Cynipidae, only 
females are produced from the parthenogenetic eggs. In the 
Lepidoptera it seems to be the rule that females come from the 
parthenogenetic eggs. In Psyche and Solenohia^ for example, a 
succession of many parthenogenetic generations was observed, while 
males were only seldom met with. The same is the case in Apaiania 
among the Trichoptera (Klapalek). In certain Cynipidae there is 
a cyclic alternation of parthenogenetic females and male and female 
sexual forms of a different shape (true heterogeny). There thus 
develops, in the galls produced by a form known as Spcdhegcuter 
haccarum, a gall-wasp of different shape called Neuroterus ventricularisy. 
of which only parthenogenetic females are known. The unfertilised 
eggs laid by Neurotenis, which develop in peculiarly shaped galls^ 
give rise again to the sexual generation of SpcUhegaster. 

With the possibility of attaining reproduction by means of un- 
fertilised eggs is connected the shifting back of this process to an 
early stage of development {paedogenesis). Thus, according to 
Grimm, in one species of Chironomtis, the pupa lays eggs, while 
other Diptera {Cecidomyia)^ even as larvae, are capable of reproducing 
themselves parthenogenetically and viviparously. The partheno 
genetic reproduction of the Aphidae must also to some extent be 
regiirded as paedogenesis ; in these Insects it may happen that the 
embryo produced parthenogenetically may in its turn reproduce 
itself. 

The heteivgeny of the Phytophthires seems to be founded on the 

* [In this connection Nussbaum (No. XXXV. ) has recently made a series of care> 
ful experiments on certain Lepidoptera, viz. , Bonnhyx^ Porthesiat and Liparis. He 
onl^ succeeded in demonstrating the parthenogenetic condition in Bomhyx, in 
which form two per cent, of the unfertilised eggs (1100) showed segmentation^ 
blit never hatched.— Ed.] 
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definite alternation of a generation of parthenogenetic females with 
a normal generation of males and females, the latter generation 
reproducing the former bj means of a fertilised egg, these genera- 
tions being distinguished from each other by certain features in the 
structure of the body. In the Aphidae, the hibernating fertilised 
winter-eggs yield in spring a generation that reproduces itself 
parthenogenetically and viviparously, and which is followed during 
the spring and summer by a series of generations reproducing 
themselves in the same way, the individuals of which are often 
winged, but may also be wingless. This series is closed towards 
autumn by a generation known as the sexiipara, the parthenogenetic 
and viviparous descendants of which are, as a rule, winged males 
and wingless females. After copulation has taken place, the female 
lays the fertilised winter- eggs, from which, in the next spring, the 
first generation capable of parthenogenetic reproduction hatches. 
Under certain circumstances it, however, appears that single indi- 
viduals of the parthenogenetic generations are able to hibernate, 
and to give origin in the spring to a new parthenogenetic series. 
In the same way, among other Phytophthires, there are often 
parallel series of cycles of generations (Dreyfuss, No. 137). 

A further complication in the cycle of development of the Aphidae is brought 
■about in connection with frequent migration from one plant to another. 
A winged partlienogenetic generation frequently appeara, and then may 
migrate to a different plant, there to reproduce itself, and in a later generation 
returns to the original host These wandering generations, the occurrence of 
which was often pointed out by Lichtenstein, have been distinguished as 
cmigrantes, alienicolae^ and remigrantes by Blochmann (No. 185). In 
Pemphigus terebirUhit for example, according to Derb^s, the fertilised egg 
gives rise to a wingless parthenogenetic generation (I.), which produces another 
winged generation (II., emigrantes). This generation leaves the place occupied 
up to this time and produces a third genei-ation (III., remigrantes =sexnpara), 
which, after hibernating, returns to the original host and {troduces the small, 
mouthless, wingless sexual animals without intestine (lY., sexuales). The 
cycle of generations in Pemphigus terebiiUhi is interesting because the sexual 
generation does not here occur, as it usually does, in the autumn, but in the 
spring, being produced by hibernating parthenogenetic fomis. 

Conditions similar to those in the Aphidae are found in the Chermetidae, 
which have recently been much investigated. The chief distinction between 
the two is that here the parthenogenetic, like the sexual generation, is also 
oviparous. In Phylloxera querms^ according to Lichtenstein, the winter-eggs 
that are laid on Quercus cocci/era give rise to a mother animal {fu'ndatrix)^ 
which produces parthenogenetically a winged generation capable of partheno- 
genetic reproduction (emigi-antes) ; these wander over to the leaves of Quercics 
pedunciilata and Q. pubesceiis. Several wingless generations (alienicolae) now 
follow, which reproduce parthenogenetically, the return to Quercus cocci/era 
being finally made possible by the production of the winged sexupara. The 
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eggs laid by the sexupara here give rise to the wingless sexual ^neratlon devoid 
of proboscis and intestinal canal, which lays the winter-eggs. In PhylUatra 
vastatrix, the young animals that develop out of the winter-<^;gs laid beneath 
the bark of the trunk wander to the root, there to give origin partheno- 
genetically to several generations of wingless Phylloxera, which caose the 
swellings on the root. The series of these generations doses by the prodaction 
of winged sexupara, which wander up the trunk and swami. These forms abo 
are parthenogenetic. Their eggs, which vary in size according to the aex of 
the developing embryo, yield sexual animals devoid of proboscis^ intestine. 
and wings, which produce the winter -eggs. Parallel series are introdnoed 
into this cycle of generations also, e.g.^ the wingless Tetraneura, living on 
leaves which run parallel with the generations of Bhizobia, In the cycle of 
generations of the genus Chermes recently investigated by Blochmai7K (No& 
134 and 135), Dreyfuss (No. 137), and Cholodkovskt, similar conditions 
are found, but these are in some respects still very obscure. In Chermes abieiiiy 
the fertilised egg gives rise to a w^ingless parthenogenetic female (fundatrix, I.),. 
which hibernates at the base of the buds of the fir-tree and, by piercing the 
buds, deforms them into galls. From this generation is produced a second 
(II.) consisting of winged i>artheuogenetic forms, some of which migrate to 
the larch and there give rise to a wingless generation (III.) which feeds on the 
needles and hibernates beneath the bark. These parthenogenetic alienicolae, 
in the foUoAving spring (the second year of the cycle), produce the winged 
remigrantes (IV.) or sexupara, which return to the fir-tree and there produce 
the wingless female and male, the fertilised eggs of which give rise once more 
to a fundatrix (I.). This cycle also is accompanied by a parallel series of forms 
that do not emigrate to the larch, but remain on the fir-tree. 



IV. General Oonsiderations. 

It can hardly be doubted that the Insects and the Myriopoda are 
very intimately related. If it is considered that the anatomical 
features possessed in common and the similarity in development 
(although, indeed, the ontogeny of the Myriopoda is only partly 
known) are not sufficient to establish this relationship, great stress 
can be laid on the presence of transition-types, such as the Symphyla 
{ScolopendreHa^ Fig. 192) and Thysanura (Campodea, Fig. 193), 
which connect the two groups. It has only to be pointed out here 
that in the Thysanura, which are most intimately connected with 
the Orthoptera, we have, in the absence of wings and in the presence 
of the sac-like protrusible ventral sac, a recurrence of morphological 
characters which, while they are wanting in the higher Insects^ 
are nevertheless found in the Myriopoda. On the other hand, the 
Myriopoda are closely related to Peripaius, so that we are justified 
in regarding the Onychophora, the Myriopoda, and the Insecta as 
belonging to a single pliyletic ontogenetic series, which, through 
PeripatuSf is linked on to the hypothetical racial form of tbe 
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Arthropoda (Protostraca) and, through the latter, to the Annelida 
(c/. Vol. ii., p. 315, and Vol. iii., p. 427). 

The Insecta represent the highest grade of development of this 
phyletic series. That they are more highly specialised than the 
Myriopoda can be seen in the sharper demarcation of the different 
regions of the body, the fixation of the number of body-segments, 
and the development of a new locomotory system, the wings. 

The marking-off of the three regions which can be distinguished 
in the body of the Insect (head, thorax, and abdomen) seems to 
be foreshadowed in the Myriopoda. Here also we find an anterior 
region, the head, sharply distinguished from 
the rest of the body. Further, of the 
trunk-segments that follow this region, the 
anterior (thoracic) segments may be dis- 
tinctly differentiated from those which 
follow (the abdominal region); thus, by 
way of example, we may recall the fact 
that in the Diplopoda the thoracic segments 
do not unite to form double segments, as 
is the case with the other trunk-segments. 
We have, however, already pointed out 
(p. 236) that the region here distinguished 
as the thorax cannot be entirely identified 
with the thorax of the Insecta, since, in 
the Diplopoda, a limbless segment is inter- 
calated between the three limb -bearing 
segments of the thorax (Fig. 121 jB, p. 235, 
and Fig. 122, p. 237), a modification not 
found in the Insecta. 

Although the division of the body into 
regions can also be recognised as indicated 

in the Myriopoda, it is much more distinctly marked in the Insecta. 
The boundary between the thorax and the abdomen especially is 
much more distinct. This is connected with the division of labour 
between the two regions. In the Insecta, the most important loco- 
motory organs are concentrated in the thoracic region. This has led 
to the greater rigidity of the thorax and the development of large 
masses of muscle, while the softer, more extensible abdominal region 
is the receptacle for almost all the vegetative organs. Into this region 
have shifted the most important parts of the intestinal canal and of 
the respiratory and circulatory systems, as well as the genital organs. 




Tia.l92.^Seolopendrella im- 
maculata (after Latzbl, flrom 
Lakq's Text-hook). 
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It should be mentioned that the boundary between the thoracic and abdominal 
regions is, in many Insect larvae, less sharply marked. This is connected with 
the fact that, in larvae, the thorax is frequently of less significance for the 
locomotion of the whole body than in the imagines, either because locomotory 
organs develop on the abdomen also {e.g,, in caterpillars), or that such organs 
are altogether wanting on the thorax as well (maggot-shaped larvae). More 
careful examination, especially of the inner organs, will, however, reveal in 
these cases also important differences between the 
thoracic and the abdominal segments. As we fiud 
that the separation of the thorax from the abdomen 
is very marked in the Thysanura, we may regard it 
as a feature inherited long ago by the Insect phylum, 
and may consider the apparent obliteration of these 
boundaries in certain larval forms as merely a second- 
ary phenomenon. 

The loss of extremities in the abdominal 
region is an important featui'e which dis- 
tinguishes the Insecta from the Myriopoda. 
With regard to the derivation of the Insecta 
from the latter group, or from forms re- 
sembling the Myriopoda, the fact that the 
rudiments of abdominsd extremities appear 
in the insect embryo and disappear later is 
of importance (pp. 296-300). The ventral 
stylets found on the abdomen in the Thysanura 
have repeatedly been regarded as vestiges of 
extremities, and this seems all the more 
probable as, in MacJiilis, these stylets actually 
function as locomotory organs. Recently, 
however, following Haasb (No. 153), and 
supported by the occurrence of similar 
stylets on the coxae of the thoracic limbs 
of Machilis, and on most of the limbs in 
Scolopendrellaf zoologists have been inclined 
to regard these appendages merely as coxal spurs (p. 299). On the 
first abdominal segment of Campodea, on the contrary, there is a 
true limb-rudiment. 

. While, in the Myriopoda, the number of the body-segments varies 
greatly in the different genera and species, the number seems to be 
fixed and universally prevalent in the Insecta. The thorax is always 
composed of three segments, each of which carries a pair of legs 
(a fact which gave rise to the name of Hexapoda). In the same 
way it seems to be clearly established by ontogeny that the abdominal 
region is universally composed of ten trunk-segments and one sub- 
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sequent anal segment (telson). Greater difficulty arises in reckoning 
the number of segments which have been drawn into the formation 
of the head. Three maxillary segments (a mandibular and a first 
and second maxillary segment) here combine with an anterior primary 
cephalic section. The segmentation of the brain leads us to suppose 
that the latter is composed of three segments (p. 325), while between 
this section and the mandibular segment a vestigial so-called 
pre-maxillary segment seems to be intercalated. In reckoning the 
segments here, however, we are on somewhat hypothetical ground. 
It may be mentioned that the antennae belong to the second brain- 
segment, and, by their originally post-oral position, as well as by 
their relation to the coelomic sacs belonging to that segment (in 
Orthoptera, p. 295), in all respects resemble true trunk-limbs. This 
is in entire agreement with what has been learnt of these limbs in 
connection with Peripatus and the Myriopoda. 

One of the most interesting questions in the phylogeny of the 
Insecta is that of the rise of the wings. The rudiments of the wings 
appear on the meso- and meta-thorax as dorsal integumental out- 
growths, the inner cavities of which receive later the tracheal 
ramifications. It is an interesting fact that similar lateral fold-like 
widenings of the dorsal plates, which recall the first rudiments of 
wings, also occur on the pro-thorax (Machilis and Blatta). These 
are most clearly visible on the larvae of Calotermes (Fig. 194, 
F. MOller, Xo. 158), in the youngest stages of which outgrowths 
of the pro-thorax and meso-thorax are first evident, these being 
originally devoid of tracheae. While the anterior pair of these 
outgrowths degenerates, the posterior pair is supplied with tracheae, 
and is thus transformed into the rudiment of the fore-wing, the 
rudiment of the hind-wing appearing simultaneously on the meta- 
thorax. The great similarity in position and structure between the 
wing-rudiments and the leaf-shaped tracheal gills, as found on the 
abdominal segments of the Ephemerid larvae (Fig. 177, Ar, p. 358), 
has led to many attempts to consider them as homodynamous 
structures. This view, which was adopted by Gegenbaukr and 
Lubbock (No. 156), has recently also received the support of 
Kedtbnbaoher (Xo. 165). F. MCllbr, who also supports the 
above, is inclined to hold that the original function of the wings 
was respiratory. This view, which seems well supported by the 
structure of the wing-rudiments, within which are found blood- 
spaces and tracheal ramifications, involves the assumption that the 
winged Insects are derived from an aquatic form. The phyletic series 
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mentioned above, leading from Peripaius through the Mjriopoda and 
Thysanura to the Orthoptera, contains throughout only forms living 
on land and adapted for terrestrial life. We have no reason for 
assuming that an aquatic ancestral form has been introduced into 
the series of ancestors of the winged Insecta (Pterygogenea). The 
manner of life of the aquatic larval forms of the Hemimetabola, 
as well as their respiratory organs, which are suited to life in water, 
must be regarded as secondarily acquired. For the same reasons 
we cannot adopt the view of Dohrn, who, going still further back 
in the phyletic series, is inclined to- refer the tracheal gills of the 

Ephemerid larvae as well as the wing- 
rudiments to the elytra of the Anne- 
lidan ancestors of the Insecta (Dohrn» 
the Pantopoda). It must be pointed 
out that, in PertpatuSf as well as in the 
Myriopoda, corresponding integumental 
folds are altogether wanting. We 
therefore consider that Grassi (Xo. 
150) is justified in regarding these 
organs as new acquisitions by the 
Insectan phylum, and in tracing them 
back to integumental outgrowths of the 
lateral margins of the tergal plates that 
have been constricted ofif and have 
become independent, the wing-muscu- 
lature being derived from the system 
of dorso-ventral muscles, which is also 
represented in the other segments of 
the body. We may perhaps assume 
that the transition from the creeping method of locomotion to flight 
was made through the acquisition of a climbing habit, in which 
distances would occasionally be overcome by springing, a circum- 
stance which gave rise to the development of parachute-like 
widenings of the thoracic segments. The transition from such 
integumental folds, used as a parachute but still immovable, to 
independent active locomotory organs seems to us fairly plausible. 
It is perhaps not without significance that the capacity for rising 
above the surface on which they rest is common among the 
Thysanura, the Collembola, and the Orthoptera, and that in the 
latter (e.//., in Psophus etridvliui) the wings are scarcely used other- 
wise than as parachutes. The limitation of wings to the meso- and 




Fio. 194. — Larvae of Cdhtermes 
rvgosua (after F. Mullbr). f\ 
wing-like appendages of the pro- 
thorax ; /", rudiment of the fore- 
w(og ; f", rudiment of the hind- 
wing. 
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meta-thorax may be connected with the position of the centre of 
equilibrium of the bod}'. We agree with Brauer (No. 146) in 
considering the wingless condition as a primary characteristic only 
in the Apterygogenea, whereas in those wingless orders of Insects 
(the Mallophaga, Siphonaptera, etc.) which are placed with the 
Pterygogenea it must be regarded as secondarily acquired. 

The segmental arrangement of the tracheal stigmata should be 
noted. It appears that originally a pair of stigmata occurred on 
each of the three thoracic segments, as well as the eight following 
abdominal segments, at least, the respiratory system of the Thysanura, 
as investigated by Grassi and Haabe, is favourable to such an 
assumption. In most Insecta, however, the number of thoracic 
stigmata is reduced. There does not appear to be a true pair of 
stigmata in the head. We. have already given the reasons (pp. 323 
and 335) why neither the endoskeletal invaginations of the head nor 
the salivary glands can be regarded as homodynamous with the 
tracheal invaginations. It should, however, be mentioned, on the 
other hand, that the presence of a pair of stigmata belonging to 
the head has been maintained in Scolopendrella (Haass) and in 
Sminthurua (Lubbock). 

We have still to mention the compound eyes (facet-eyes) as one of 
the features which raise the Insecta to a higher level than the 
Myriopoda. The most primitive form of eye in the Insecta is 
evidently represented by the ocellus (Fig. 165, p. 332), the structure 
of which, according to Grenacher (No. 151), may still, in a few 
cases, be traced back direct to the simple cup-shaped eye, while, 
in other cases, through the development of a vitreous body-layer 
(lentigen layer), it becomes a bilaminar complicated eye (Fig. 164 B, 
p. 331). We shall hardly err in deriving the Insectan ocellus direct 
from the cup-shaped eyes of the Annelida (Kennel, No. 154). The 
compound eye, on the contrary, appears to correspond to an accumu- 
lation of ocelli, in which the number of ocelli has been increased 
while the single ommatidia have sunk to a lower level of functional 
capacity. We have already seen (p. 242) that, in the Myriopoda, an 
almost complete series of transitions is to be found between the 
aggregations of ocelli and the true facet-eyes. We shall therefore 
be justified in assuming this derivation as highly probable for the 
facet -eyes of the Insecta. For the relation of the facet -eye to 
the ocelli of the same animal, c/. p. 333. Bearing in mind the 
fact that Machilia already possesses facet -eyes, we must regard 
the latter as a somewhat ancient acquisition among the ancestors 
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of the Insecta, and shall feel inclined to regard the ahsence of the 
facet- eye (whether in larvae or in imagines) as the result of 
degeneration. 

We must, in conclusion, point out a few more important factors in 
the embryonic development of the Insecta. The first of these is the 
development of the embryonic envelopes, the acquisition of which 
(like the development of flying) proves the Insecta to be the most 
highly developed of all Arthropods. It therefore seems remarkable 
that the Insecta in other respects, especially with regard to the way 
in which the germ-layers form, have retained very primitive char- 
acters. The long blastopore which extends over the whole of the 
ventral side, the presence of a distinct invagination-gastrula which 
leads to the development of an archenteric tube, and the manner in 
which the mesoderm separates from the entoderm must here be 
mentioned in this connection. With regard to the last point, it 
should be mentioned that the separation of the mesoderm from the 
entoderm is accomplished by a process which can be traced back to 
that of infolding, so that Kowalbvsky (No. 49) quite correctly 
compared the formation of the germ-layers in the Insecta with their 
formation in Sagitta^ a proceeding in which he was afterwards 
supported by Rabl. The coelomic sacs of the Insecta may thus, 
according to their development, be regarded as archenteric diverticula. 
Another point of interest is the transfonnation undergone in later 
stages by the primitive segments, which were treated in detail in the 
chapter on the development of the heart and the genital organs. 
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CHAPTEE XXVIII. 

GENERAL CONSIDERATIONS ON THE 
ARTHROPODA. 

In reviewing once more the ontogeny of the various divisions of the 
Arthropoda, we are specially struck by the unifonnUy of character 
found among them. In the constitution of the eggs in the cleavage, 
the method of formation of the germ-layers and the shape of the 
embryo, there are so many points of resemblance that we are justified 
by ontogeny in regarding the Arthropoda as phyletically distinct, 
i.e,y as forming a natural group, even though, as will be shown below, 
the common stock divides near its root and gives rise to three great 
branches known to us under the names of the Crustacea, the Arach- 
nida and the Myriopoda-Insecta.^ 

The eggs of the Arthropoda are as a rule distinguished by the 
large quantity of yolk contained in tlteniy and the equal distribution 
of the latter (centrolecithal eggs of the Arthropoda). The typical 
method of cleavage in the Arthropoda is a superficial one, which has 
developed from total and equal cleavage, as may be seen from the 
ontogeny of various Crustacea, t We also see that the Arthropodan 
eggs, in those cases in which the food-yolk has secondarily degenerated, 
undergo total cleavage (Clacodera, Peripaius Edwardm^X parasitic 
Insects). In other cases the total cleavage perhaps still represents 
a primitive condition, c.//., in Branchijms, In a few Arthropoda, 
the egg ai^ears to be telolecithal, and the cleavage is at first 
restricted to only a small part of the egg (e.^., in Myeis, Cuma^ 
some Isopoda, and the Scorpiones). This apparently different method 
of cleavage is, however, to be traced back to superficial cleavage. 

* [See Natural Science, Vol. x. * * Are the Arthropoda a Natural Group ? " — Ed.] 
t The statements in this chapter are based upon the facts already given in 

connection with the different divisions of the Arthropoda. The reader must 

refer for these to the preceding chapters. 
J [See footnote, p. 165.— Ed.] 
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Superficial cleavage, as a rule, occurs only in the Arthropoda. 
Where other forms, e,g,, Renilla, Clavularia (Vol. i., p. 76) show a 
similar method in the first stages, this does not lead to the same 
results as typical superficial cleavage, viz., to a unilaminar blastoderm 
covering the whole surface of the ^^g with a uniform layer and an 
accumulation of food-yolk filling the cleavage-cavity.* 

The formation of the germ-layers is introduced by gastrulalion, 
which, in many cases, is of the invagination-type {MoinUy Lucifer^ 
AstacuSj Peripatus, HydropliU%i8\ in others, on the contrary, gastra- 
lation is replaced hy a solid ingrowth of cells {Ligia, LimulMSy 
Scorpiones, Araneae, Myriopoda). The position of the blastopore 
varies in the dififerent groups. As a rule, the blastopore corresponds 
to the ventral side of the body. 

In Peripatus and the Insecta, the blastopore is an exceedingly long 
slit, the anterior end of which corresponds in position to the mouth, 
and the posterior end to the anus (Figs. 99, 134, and 145). In the 
Crustacea, on the contrary, the blastopore is said to belong to the 
posterior end of the germ-band, and to correspond more or less in 
position with the later anal aperture. The accounts given of the 
Arachnida seem to indicate that, in position, the blastopore may 
be related to the anus. 

The act of gastrulation leads to the breaking up of the common 
rudiment of the entoderm and the mesoderm. The rudiment of the 
mesoderm in the Arthropoda is always multicellular, except perhaps 
in a few quite isolated cases, such as CetochUus, In the Insecta, the 
formation of the mesoderm may be traced back to a folding of the 
lateral diverticula of the archenteron (Figs. 154 and 155, p. 314). 
The processes that take place in Peripatus may perhaps be interpreted 
in the same way, although in this form we are inclined to assume, 
in agreement with the Annelida, the development of two mesoderm- 
bands advancing from beliind forward through the multiplication of 
cells. The facts as yet known of Peripatus seem rather to support 
this last view. The question whether the condition found in the 
Insecta (i.e., the rise of the mesoderm from the archenteron through 
folding) represents a primitive or a derived condition, is connected 
with the as yet unsolved problem of the first (phylogenetic) rise of 
the mesoderm. 

In the Crustacea, the mesoderm arises in the form of a growth at 
the lips of the blastopore. The same is most probably the case in 

* [For a comparison of the cleavage and formation of the germ-layers in the 
Arthropoda, see Wagner (No. X.).— Ed.] 
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the Arachnida. In the latter, the mesoderm runs forward from the 
point of origin in the form of two hands (mesoderm-bands) on either 
side of the middle line. Tliese two bands are also found in 
Peripatvs^ the Myriopoda, and the Insecta, as well as apparently 
in the Pantopoda, while^ in the Crustacea, the arrangement of the 
mesoderm is less regular. Some Crustacea, however {Branchipua^ 
CymotJioe), show a similar regular form of mesoderm-rudiment. 

The paired rudiment of the mesoderm breaks up into segmental 
divisions in a somewhat similar way in all Arthropoda. These 
divisions are the primitive segments (mesodermal somites), which 
either become hollow, and are then known as coelomic sacs, or are 
not thus modified, but soon break up into mesenchymatous tissue. 
This latter is the case in most Crustacea, in which coelomic sacs are 
rarely to be found, l)ut the former condition occurs in the Xiphosura,; 
Arachnida, Pantopoda, Onychophora, Myriopoda, and Insecta. 

Although the primitive segments have as a rule a very similar fate, 
and undergo similar modifications in all Arthropoda^ certain differ- 
ences are. to be found in the various classes in the size attained by 
them, and in the time at which their further differentiation begins. 
The most primitive condition is exhibited in Peripatus^ in which the 
primitive segments in their large size resemble those of the Annelida 
(Fig. 100, p. 200). The Myriopoda and the Orthoptera follow next 
in the conspicuous development of the primitive segments within 
the germ-band (Figs. 168 and 169 A, p. 343), while in the other 
Insecta the coelomic sacs are from the first small, a considerable part 
of the mesoderm being, as a rule, excluded from participation in the 
formation of these sacs (Fig. 158, p. 321). In the Crustacea, the 
development of the coelomic sacs is almost entirely suppressed. The 
Arachnida, on the contrary, which in many other respects appear as 
a modified group, are distinguished by the fact that in them the 
coelomic sacs are unusually large, and even in the later stages of 
embryonic development (at the time when the heart is forming) 
extend almost to the dorsal middle line (Fig. 45 and 46, p. 88). 

The appearance and ftirther development of the oigans in the 
different groups of the Arthropoda show remarkable and important 
agreement 

In the case of the nervous system it has been proved that an 
invaginate middle strand and two lateral strands almost universally 
take part in the formation of the ventral chain of ganglia. The 
fibrous substance appears on the inner surface of the ganglionic rudi- 
ments, and is only later taken into the latter, a process which must 
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be regarded as specially primitive, and is to be foiind taking place in 
a somewhat similar manner in all the various groups. 

While the formation of the chain of ganglia takes place, as a rule, 
by a process of delamination from temporary ectodermal grooves 
which afterwards vanish, permanent invaginations occur which take 
part in the formation of the brain, leading no doubt chiefly to the 
formation of the optic ganglia. The appearance of these more or less 
extensive depressions, known as cephalic pits, is specially character- 
istic of the various divisions of the Arthropoda (Peripattis^ the 
Myriopoda, the Insecta, LimuluSf the Arachnida). In Peri}xititSj 
indeed, another significance has been attributed to these depressions, 
and it is doubtful whether they participate in the formation of the 
brain. The depressions in the cephalic region in Peripatus corres- 
pond to similar pit-like invaginations arranged in pairs which 

recur in each of 
^l. the trunk -seg- 

ments. The na- 
ture of these 
cJ^ remarkable stnic- 
i^^ tures, which are 
^ very characteris- 
tic of Peripatuff 
has not yet been 
established, but 
similar depres- 

Fio. 195.— Section through the ocellus of a Dyti^ts larva (after sions have been 
Grbmachbb). ch, chitinoua covering of the body ; gl, vitreous described in the 
body ; hyp, hypodermis ; Z, lens ; n, optic nerve ; r^ retina ; st^ 

rods. Myriopoda and 

the Pantopoda. 
The development of the eyes may be closely connected with the 
cephalic pits just mentioned which, as it appears, chiefly give rise 
to the formation of the optic ganglia (Scorpiones, Araneae). How- 
ever much the permanent Arthropod eyes vary with regard to structure, 
they may, in the first instance, be traced back to pit-like depressions 
of the ectoderm, and in explaining them we must start from such 
simple eyes as those occurring in the larvae of Insects and in many 
Myriopoda. This simplest form of Arthropodan eye, the ocellus 
(Fig. 195), consists of a depression of the hypodermis, the cells of 
which have become diiferentiated into the so-called vitreous body 
(gl), and retinal cells (r<), secreting rods. The unilaminar character 
of the hypodermis has, however, been retained in this simple eye, so 
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that it appears as a mere continuation of the bypodermal layer 
(Fig. 195, hypy gly rt). Over the eye lies the lens which has arisen 
by the thickening of the outer chitinous covering of the body, and is 
secreted by the hypodermis (lentigen or vitreous body-layer). From 
such a simply constructed eye we have to derive the complicated 
eyes found among the Arthropoda, but in so doing we must dis- 
tinguish sharply between the various phyletic ontogenetic series of 
the Arthropoda, and we must remember that it is not possible to 
regard as directly related one to another the various forms of com- 
pound eyes found in the separate divisions such as the Crustacea and 
the Insecta, although the eyes in these groups are very similar in 
structure. 



1 

cc. ^^^» ^* 

Fig. 106.— Three ommatidia of the lateral eye of LimuluM (after Watasb). In A the retinula Ik 
supposed to be cut through medianly, in B and C it is retained whole, c, central ganglion- 
cells; chf chitinous covering; hyp, hypodermis; {, lenticular sphere; me«, mesodeniial 
tissue; n, nerve; rh, rhabdom; rt, retinola. 

It may appear at first sight unreasonable not to regard the compound eyes of 
the Crustacea and the Insecta, which are so remarkably similar in organisation, 
as directly related one to the other, bat when the phylogenetic course of deyelop- 
ment of the twodivisions is taken intoaeconnt weshall haye to takeup this position. 
It can only be assumed that the development of compound eyes is a character of 
the Arthropodan organisation, and tliat it takes place in the different divisions 
(Crustacea, Arachnida, Myriopoda, and Insecta) independently, and yet may 
lead, as in the Crustacea and the Insecta, to almost the same result. 

The eyes of Peripatus differ altogether in structure from those of 
other Arthropoda. The eyes of this form also, indeed, originate as 
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depressions, which, however, close to form vesicles and become 
separated from the hypodermis. The lens is secreted within the 

optic vesicle. The 

a. 



4- 



Tt. 



0. 



oB. 



A. 



..rf. 



eyes of Peripaiits 
thus, in their onto- 
geny, pass through 
the stage of the sim - 
plest Arthropod 
eye, but then rise 
to a higher level 
than that attained 
by the latter, and 
can far better be 
compared .with the 
higher forms of 
eye found in the 
Annelida. In any 
case," we do not 
recognise in them 
the Arthropodan 
type of eye. 

The facet -eyes 
of the Insecta 
must be regarded 
as arising from a 
massing together 
of simple oceUi in 
the way already 
indicated in the 
Myriopoda. The 
latter group, in 
the simplest cases, 
have only a few 
ocelli on each 
side (Scolopendra 
four), but their 
number may in- 
crease (Lithohius, 
Jtdus, thirty to 
forty on each side), and in some forms (ScuHgera) there; may even be 
as many as 200 ocelli on each .side, which, by their close iupproxima- 



C. 



H 
111 



Fio. 197.— ^1-D, diagrams illustniting the development of an 
ommatidium from a depression of the hypodermis. D represents 
an ommatidium from tlie compound eye of an Amphipod {Talor- 
chestia^ after Watase). c, central cell ; ch, chitiuous covering 
of the head ; ft, hypoilermis ; k, crystalline cone ; Iz, crystalline 
cone-cells ; I, lens ; 1g, lentlgen cella ; n, nerve ; rA, rhabdom ; 
rt, retin\ila cells. 
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tion, recall the appearance of facet-eyes, although a group of eyes does 
not possess the true structure of the latter. Each ocellus in this way 
becomes a single ommatidium of the facet-eye. The diminution in 
number of its elements which it then undergoes, and the simultaneous 
formation of the rhabdoms are consequences of the subordination 
and loss of individuality of the originally distinct single eyes on 
becoming merged in the complex eye, of which organ they now form 
a part 

Attempts have been made to trace back the facet-eye to the more 
primitive form from which it originated, by regarding the ommatidia 
which, according to the view mentioned above, were derived from 
single ocelli, as sim- 
ple hypodermal de- /H 

pressions which, in ' (7. 

consequence of the 
length of the omma- 
tidia, became very 
deep (Fig. 197 D), 
In making such an 
attempt to explain 
the structure of the 
ommatidia it is best 
to start from a de- 
pression of the 
hypodermis which 
corresponds to a 
simplified ocellus 
(Fig. 197 A). As 
the depression 
deepens and, instead of rods, rhabdoms begin to form in the retinal 
cells, this eye reaches a grade of development (Fig. 197 B) essentially 
equivalent to that of an ommatidium in the lateral eyes of Limulus 
(Fig. 1 96). The lateral eye of Limrdua is composed of a number of 
single eyes formed of only a few cells (Fig. 196). These unilaminar 
eyes are quite continuous with the hypodermis, but already show 
rhabdom- formation (Fig. 196 -4, rh). It is indeed not certain 
whether the eyes of Limulus should really be regarded as primitive 
eyes, or as degenerate forms of the compound eye; in any case, 
however, we can imagine that the higher facet-eyes passed through 
a similar stage (Fig. 197 B), 

When the depression deepens, another series of hypodermal cells 

2e 




Fio. 19S.— Diagrams illuatratlng compound eyes in longi. 
tudinal section. A, Limulus; B, a lan'a of Jgrion; C, 
Branehiptu (after Watase). The thick black lino represents 
the hypodermis, and each of the depressions formed in it 
represents an ommatidium. 
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may be drawn into the formation of the eye (Fig. 197 C), these 
representing the crystalline cone-cells (kz) of the ommatidiom. A 
series of lentigen cells may also be utilised in the formation of the 
eye (Fig. 197 C, l.g). The further deepening of the optic pit^ and 
the great lengthening of the cells lead finally to the form of the 
ommatidium (Fig. 197 D). The hypodermal cells, the lentigen cells, 
the crystalline cone-cells, and the retinal cells thus appear as a uni- 
laminar layer of long cells penetrating far down, and having the same 
arrangement as in the simple ocellus (Fig. 195). The lumen here, 
however, is not open as in the ocellus, but filled by the mass of the 
crystalline cone and rhabdoms, but this does not constitute an 
essential difference between the two eyes. The grouping together in 
larger or smaller numbers of these single eyes which arise as siinple 
depressions of the hypodermis is elucidated by Fig. 198, which at the 
same time represents the arrangement of the ommatidia on a convex 
base usual in most facet^yes, and determined by the functional re- 
quirements of the eye. 

The method of composition of the facet-eye here described is essentially in 
Iceepiog with the view long ago maintained by Gbbnachbr. This author 
starts from a simple eye consisting* '^^ few elements, such as is represented by 
an ommatidium of an acnn<^ eye of the Tipulidae^ and derives the facet- 

eye through the inci . ^n number of these eyes, and the ocellus through the 
multiplication of the elements with the retention of the single lens. In the 
simple eye, which here foims the starting-point, we have an ocellus of specUliy 
simple structure. 

It has already been stated that the compound eye of the Crustacea 
must be regarded as belonging to another ontogenetic series. It will 
therefore not be a matter of surprise to find that it deviates in many 
ways from the above in its development. The character of the 
compound eye is, in the Crustacea, always preserved. In some cases, 
e,g,y in the Isopoda, it might appear as if we had before us transiticm 
stages between the simple and the compound eye, but it is more 
than probable that^ in this branch of the Crustacea, we have to do 
merely with a simplified form of the facet-eye. 

This view of the Isopodan eye was adopted long ago by Gkemacher, who 
attempted to solve the question as to how the very simple eye of the Isopoda 
was related to other Arthropodan eyes, by maintaining that the former was 
to be regarded as a compound eye in consequence of its possessing a double 
crystalline cone and a retinula forming rhabdoms and divided into seven parts. 
It cannot therefore be doubted that, in the Isopodan eye, which is not unlike 
a group of single eyes, we have a secondary form, and this is in itself vety 
probable, inasmuch as tlie Isopoda are, in many respects, a highly modified 
group of the Crustacea. A degeneration of the facet-eye, which was originally 
stalked in the Malaoostraca, has taken place in any case in this order. 
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We have no indication of the manner in which the facet-eye has 
arisen in the series of the Crustacea. None the less must we 
consider that this eye, which closely resembles the facet -eyes of 
the Insecta, arose in the same way as the latter. Any deviations 
that may occur, such as the presence of another cell-layer in the 
ommatidium (Fig. 197 A ^'ff)t are to be explained simply by the 
inclusion of another row of cells in the hypodermal depression, as 
already shown. 

The structure, development, and relations of the unpaired median 
eyes in the Crustacea are still little understood. It has recently 
been asserted that they arise by inversion (Claus, Ko. 3), and since 
this method of formation is characteristic of some of the eyes 
found in Limulua and the Arachnida, relations between the median 
Crustacean eye and the median eye of Limvlus and the Scorpiones, 
as well as the so-called principal eyes of the Araneae, are suggested. 

The eyes of the Arachnida belong to a third ontogenetic series. 
They have only one lens, and are thus devoid of tb « characteristic 
feature of facet-eyes, but in the eyes of Scorpio wf and a grouping 
of the cells into retinulae and the formation of iabdoms within 
these latter, and in this respect they may claiiv to be compound 
eyes. We considered ourselves justified in explf ling the common 
lens as having arisen by the flowing together of distinct corneal 
lenses (p. 71, etc), and find in the lateral eyes of Lijmdtts, which 
also show rhabdom- formation, an indication of such a fusing of 
the lenses. We tried further to show it to be probable that the 
eyes of the Araneae, which in their present form appear to be simple 
eyes, are to be derived from compound eyes, this origin being still 
indicated in their development and their structure. It is highly 
probable also that the compound eyes of the Arachnida, like those 
of the Insecta, arose through the accumulation of simple hypodermal 
depressions resembling ocelli. 

When we turn to the ontogenetic formation of the Arthropod 
eyes, we find that the simple forms arise as pit-like depressions of 
the ectoderm. In the higher forms, i.e., in the compound eyes, 
this primitive method of formation is obliterated. The single eyes 
here arise merely through the differentiation of a cell-layer without 
special depressions. Where such a depression is found in the 
development of a compound eye, it leads to the formation of the 
eye as one whole. In this last process, as in the differentiation of 
the single eyes out of a multilaminar cell-layer, we have secondary 
phenomena representing a simplified method of formation of the 
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compound eye. It should also be noted that the ontogeny of 
the Arthropod eye is as yet not satisfactorily explained. 

The respiratory organs of the Arthropoda must be dealt with 
separately, according to the different phylogenetic series into which 
they are to be divided. Since we derive the Arthropoda from forms 
which live in water, it appears to us that the most primitive form of 
respiratory organ must have been a tubular or leaf-like outgrowth 
of the body-surface. Such a simple form of respiratory organ is 
found in the gills met with as branchial tubes in the Annelida and 
Crustacea. These branchial structures appear, as a rule, as append- 
ages of the extremities. The gills of Limtdua are also leaf-like 
appendages of the abdominal limbs. From these we have to derive 
the lung-sacs of the Arachnida (Scorpiones, Araneae), a fact indicated 
by the method of development of these latter. In the transformation 
of gills into lungs we recognise an adaptation to life on land. When 
this adaptation goes further, it leads to the development of unbranchcd 
tracheal tufts (Araneae) which finally i-amify in a dendriform manner 
and develop a spiral filament (Pseudoscorpiones, Solifugae). In this 
way is attained the same type of tracheal system as is produced in 
different manner in other groups of Arthropods otherwise very far 
removed from the above, viz., Perqmtus, the Myriopoda, and the 
Insecta. In the forms which were the starting-point of this last 
series, the tracheae appeared as depressions of the body-surface, which 
at first were irregularly distributed over the body (PeripcUus), but 
later attained to definite segmental arrangement. The tracheae in 
the Myriopoda and the Insecta arose as such segmentally-arranged 
depressions. The branches of the tracheal system arc formed by the 
splitting and branching of the original invaginations. In the Insecta 
these tracheal rudiments appear veiy early, in the Myriopoda, on the 
contrary, much later, and, as Peripatus in this way resembles the 
Myriopoda, this late appearance of the tracheal rudiments has been 
regarded as an indication of their having been recently acquired. 
The similarity in structure between the tracheae of the Arachnida 
and those of the Myriopoda and Insecta is remarkable. The presence 
of the spiral filament in these two forms of tracheae, which must be 
regarded as having arisen independently in the two groups, is specially 
striking, but this feature loses its value as an indication of a common 
origin when it is seen that such a spiral thread also occurs in other 
tubes lined by a chitinous intima, e.^., the efferent ducts of glands 
(salivary and spinning glands of the Insecta) and the vas deferens of 
the Gytheridae, p. 335). 
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The so-called closed tracheal system of many aquatic larvae, e.g.^ 
those of the Ephemendaey as well as the tracheal gills connected 
with it, are to be regarded as a form of respiratory organ secondarily 
acquired in adaptation to life in water. 

The fore- and hind-guts arise in the Arthropoda as ectodermal 
invaginations, the stomodaeum and the proctodaeum. The excretory 
tubes known as Malpighian vessels found in the Myriopoda and 
Insecta are diverticula of the proctodaeum. The same name is 
given to similar blind tubular appendages of the intestine in the 
Arachnida, but, since ontogeny makes it probable that the latter 
belong to the enteron and are thus not of ectodermal but of ento- 
dermal nature, they ought not to be homologised with the Malpighian 
vessels. Tubular appendages similar in structure and function are, 
on the other hand, found at the end of the enteron in the Crustacea 
(Amphipoda), but these most probably must be regarded merely as 
analogous structures. 

The pliylogenetic ongin of the Malpighian vessels is still obscure. It lias 
been thought that they might be true nephridia, which have become connected 
with the proctodaeum, since structures resembling the nephridia are in some 
Annelids found connected with the intestine (Nos. 2 and 9). In one case, 
that of the Megascolides examined by Spencer, these glandular tubes, 
which in structure are extraordinarily like nephridia, are, indeed, connected 
with the stomodaeum, while, in AeanthodriluSy Beddard found similar struc- 
tures connected with the proctodaeum. Just as, in Peripatus^ nephridia have 
been found drawn into the buccal cavity as salivary glands, so we might suppose 
nephridia drawn into the proctodaeum, a process which is perhaps more probable 
a priori than the former, since the nephridia in this case retain their original 
function. Against such a view we have the ectodermal or entodermal origin 
of these excretory tubes, and this is of all the greater weight since, according to 
recent researches, the nephridia arise altogether from the mesoderm, and it 
would therefore be impossible to imagine a persistence and a specially strong 
development of the ectodermal portion simultaneously with a complete degenera- 
tion of the mesodermal (inner) section.* 

The formation of excretory tubes starting from the intestine, such as has been 
observed in the Amphipoda, is a noteworthy indication of the fact that parts of 
the intestine are capable of taking over the function formerly carried on by the 
nephridia. Even in the Nauplius we find a part of the intestine utilised for 
excretion, the cells filled with urinary concretion forming slight swellings 
(Vol. ii.. Fig. 89, d«, p. 191). When these jwirts are transformed into caeca or 
lengthen out like tubes, we have the excretory tubes of the Amphipoda 
(eventually also of the Arachnida) or the Malpighian vessels of the Myriopoda 
and Insecta, according as, in each case, the process takes place in the enteron or 

* [Some recent observers (Goodrich, Qiuirt. Journ. Micro. ScL, Vol. XXXVII., 
1895, and Meissenheimer, Zeitschr. /. iViss. Zool., Bd. Ixiii., 1898), suggest 
that the primitive nephridia may be largely if not wholly ectodermal, and 
would distinguish these from the genital ducts and certain secondary nephridia, 
which arise from the mesoderm as coelomic funnels. — Ed.] 
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the proctodaeum. We are therefore far more inclined to regard the Malpighian 
vessels as new structures coming into use on the degeneration of the nephridia, 
than to trace them back to the actual nephridia. 

The development of the enteron is essentially inflaenced by the 
relations of the entoderm-rudiment to the mass of the food-j^olk. 
The latter, which originally fills the cleavage-cavity, is taken up 
later into the enteron. This process may take place in various. 
ways: (1) the yolk may filter through the wall of the enteric sac 
(Astacus), or (2) the entoderm-cells may wander through the yolk to 
constitute the enteric epithelium at its surface (Crustacea, LimuluSy 
Araneae, Chilopoda), or finally (3) the food-yolk may be grown 
round by the entoderm-rudiment {MyHs, Isopoda, Scorpiones (I) 
Insecta). The formation of the intestinal epithelium in some cases 
only takes place very late (Araneae), and then the splanchnic layer 
of the mesoderm, which has meanwhile developed, becomes closely 
applied to the yolk-mass. Septa-like processes then grow out from 
it into the yolk-mass and isolate single complexes of the latter^ 
which appear like diverticula. As in the central part of the enteron, 
so also in these diverticula, the formation of the epithelium only 
commences at a later period. The diverticula represent the rudi- 
ments of the hepatic lobes, which, in the Crustacea, are formed in 
the same way, the only distinction being that, in the latter, the 
differentiation of the epithelium takes place much earlier. 

Since, in some Arthropoda, only a part of the food-yolk is taken 
up into the interior of the intestine, it may happen that smaller or 
greater masses of yolk remain behind in the body-cavity and there 
undergo a gradual absorption {Moina, Mysis, and the Dipterous 
Insecta). In the Diplopoda, this condition, which elsewhere is 
exceptional, appears developed to a high degree, for here the enteron 
is said to arise as a somewhat narrow tube in the middle of the 
yolk-mass. As a consequence of this, the greater part of the yolk 
would come to lie in the body -cavity. Here, as in the Crustacea 
above mentioned, the yolk-mass in the body-cavity is thickly sur- 
rounded and interpenetrated by mesoderm-cells. 

We must next consider the development of the mesoderm. The 
coelomic cavities of the primitive segments, which, in some cases 
{Pertpaius and the Arachnida), have been seen to attain such high 
development, do not, in the Arthropoda, become the definitive 
body-cavity, but sooner or later the primitive segments undergo 
degeneration. But before this occurs, the formation of the heart 
starts from the primitive segments, single cells of the coelomic sacs 
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of the two sides becoming detached and uniting to form the dorsal 
tube. The primitive segments then break up to some extent, single 
cells from various parts wandering into the primary body-cavity and 
there forming a kind of mesenchyme. The permanent body-cavity 
arises through the appearance of lacunae in this mesenchyme and 
the flowing together of these lacunae to form large spaces. As a 
last remains of the primitive segments we have the pericardial 
septum so characteristic of the Arthropoda which cuts off a dorsal 
part of the body-cavity surrounding the heart (the pericardial space) 
from the larger ventral portion. 

Besides the parts just mentioned, the primitive segments yield 
the formative material for the nephridia. In Peripatits, where the 
nephridia appear, as in the Annelida, in all the trunk-segments, 
a considerable portion of the primitive segments is directly utilised 
for the formation of the nephridia. In the other groups, the whole 
question of the rise of the organs known as nephridia is still 
undecided, but it may be mentioned as very probable that the 
salivary glands and anal glands of Peripatvs^ the antennal and shell- 
glands of the Crustacea, the coxal glands of Limulus and the 
Arachnida, as well as the efferent genital ducts, are derived from 
nephridia, and in any case arc mesodermal in origin. The nephridial 
nature of the organs of Peripatus just mentioned, and of the antennal 
and shell-glands of the Crustacea, may be regarded with some 
certainty as definitely established. The aperture of the efferent 
genital ducts varies greatly in position in the different divisions of 
the Arthropoda. From this we may conclude that, in the different 
cases, the nephridia of different segments have been drawn into the 
formation of the genital ducts (Chilopoda and Diplopoda), although, 
in some cases, the idea of a secondary shifting of the opening through 
several segments is suggested. (In the Insecta, the apertures of the 
genital organs vary from the seventh to the ninth segment. In 
the Ephemeridae, the female genital aperture is found on the seventh 
segment, while, in other Insects, it lies behind the eighth segment.) 

The genital glands also are derived from the primitive segments, 
these being found as growths of the epithelium of the coelomic sacs, 
and thus having an origin exactly similar to that of the genital glands 
of the Annelida (Vol. i., p. 297). A further agreement with the 
Annelida is found in the fact that the remains of the coelomic 
sacs may pass direct into the cavity of the genital gland, so that 
the genital products budding off from the peritoneal epithelium can 
still fall into the secondary body-cavity (coelomic or genital cavity), 
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and pass out from there through the efferent (nephridial) ducts 
{PeripcUuSy Myriopoda). The whole of that part of the primitiire 
segments that is utilised for the formation of the genital glands 
fuses with those pairs of primitive segments which yield the efifeient 
ducts (nephridia of the genital segments), the continuity between 
the genital glands and ducts being thus attained. In the Crustacea, 
as well as in the Arachnida and in the Insecta, there are secondary 
conditions of development of the genital organs, which, however, 
are to be traced back to the more primitive conditions just described 
th^t still occur in Peripaius and the Myriopoda. 

In consequence of the great abundance of food-yolk in the eggs 
of the Arthropoda, only the ventral side of the embryo at first 
appears in the form of a germ-band ; to this rule, however, there 
are frequent exceptions. The eggs, as has been mentioned, are 
occasionally small and have less yolk, which may be (in certain 
rare cases) traceable to a primitive condition, but in most cases 
must be regarded as a secondary phenomenon. In these cases, the 
spherical form of the egg may pass directly into the definitive shape 
of body. 

The germ-band which, in different forms, occupies a more or less 
considerable part of the egg, arises partly by the ectoderm-cells on 
the ventral side of the egg becoming elongated, partly by the 
appearance beneath it of the two other germ-layers, especially of 
the mesoderm-bands. Besides this, the band-like thickenings of the 
ectoderm soon appear near the ventral middle line, representing 
the rudiment of the ventral chain of ganglia, which, indeed, very 
soon breaks up into segments. A much widened anterior section 
of the germ-band very soon becomes distinguished from the primary 
trunk of the embryo as the cephalic lobes. The trunk soon 
breaks up into segments, this modification chiefly involving the 
mesoderm (formation of the primitive segments;, but may also be 
indicated on the external surface of the germ-band even before the 
appearance of the primitive segments {Hydrophilus, Chalicodonia), 
The series of limb-rudiments appear as outgrowths of the surface 
on each side ; in most Arthropoda, a process of a coelomic sac 
passes into each of these limbs, so that they at first appear hollow 
(Penpatus, Myriopoda, Orthoptera, Arachnida, Pantopoda). Even 
in those forms which, in the adult, have no limbs on the abdomen 
(Arachnida, Insecta), abdominal limbs are found in the embryo; 
the abdomen of the embryo also may consist of a larger number 
of segments than that of the adult (Araneae), an indication of the 
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fact that these forms are descended from ancestors wliich possessed 
a richer segmentation of the body and a larger number of appendages. 

The germ-band does not always retain its primitive position on the 
surface of the egg, but may shift into the interior by undergoing a 
ventral curvature (Myriopoda), or else, by the development of special 
embryonic envelopes {amnion and serosa of the Insecta), it may sink 
more deeply beneath the surface of the egg. A similar but merely 
analogous development of embryonic envelopes is only found among 
other Arthropoda in a few viviparous forms (Scorpio and Peripatus 
Edwardsii), [Cf. App. Lit Insecta, Nos. XVI. and XLV.] 

The germ-band which until now corresponded merely to the ventral 
portion of the embryo, spreads out over the lateral and dorsal parts 
of the yolk which, so far, were only covered by a thin layer of cells, 
these being now involved in the further shaping of the embryo, the 
dorsal surface of which is thus produced. In the Insecta, these last 
processes of development become complicated by the process of the 
involution of the embryonic envelopes which takes place simul- 
taneously. The closure of the dorsal body-wall completes the 
external development of the embryo, which, after corresponding 
further development of its internal organs, is ready for hatching. 

The newly-hatched embryo either resembles the adult, or else 
differs from the latter, in which case it passes through a more or less 
complicated metamorphosis. The process of metamorphosis differs 
greatly in character in the different groups of the Arthropoda, but 
must in all cases be regarded as the development of secondarily 
acquired larval stages (Crustacea, Pantopoda, Insecta). The hatching 
embryo either consists of merely a few segments (Crustacea, Pantopoda) 
and only acquires the complete number of segments during the course 
of metamorphosis (Diplopoda), or else has the full number of segments 
as well as of body-regions possessed by the adult, from which it is 
distinguished only by its different manner of life and by deviations 
in the shape of the body determined by this life (Insecta). We find, 
for instance, that wings are wanting in all the larvae and young forms 
of Insects, this characteristic of the most highly developed Arthro- 
pods being thus proved to be a comparatively late acquisition, a view 
which is confirmed by the fact that wings are still altogether wanting 
in the lowest Insects (Apterygogenea, p. 260). 

One of the special characteristics of the metamorphosis of the 
Arthropoda is the series of consecutive different larval stages which 
pass one into the other through pi-oeesses of ecdysis. Such moults 
may also occur during embryonic life, and are oven often found at 
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an extraordinarily early period before the germ-band has appeared 
{blagtodermic cuticle of the Crustacea), or else before the limbs have 
formed {embryonic cuiicular envelope of LimtduSj deuiovum--memhi'ane 
of the Acarina, embryonic envelopes of Pentastomum), All these 
cuticular envelopes then form a further covering to the embryo 
within the egg-integument 

Zoologists were for a long time inclined to ascribe to the larvae of 
the Arthropoda an important phylogenetic significance. But when it 
was recognised that these larvae often represented secondarily modi- 
fied (adapted) forms (Nauplius, Zoaea, Pantopodan larva^ cater- 
pillar of InBecU\ the comparison of the adult forms received more 
attention, a far higher value being set upon this branch of inquiry. 
The recent advance in the knowledge of Peripaius has been of special 
significance in interpreting ike ArthropodUy and in tracing them back 
to lower forms. Too great importance was indeed attached to those 
characters of Peripatus that pointed to the Annelida, and gave rise to 
doubt as to the uniformity of the Arthropod stock.* As it was seen 
that the Myriopoda and the Insecta could be linked on directly to 
the Annelida through PeripaiuSy the only way out of the difficulty 
caused by the Crustacea, which were apparently far removed from 
Peripatus and in some respects showed less primitive conditions, 
was to assume for them an independent origin for the Annelidan 
stock. Recent research has, however, made it appear that Peripatus 
is more closely related to the Arthropoda than was formerly assumed. 
The nephridia are closed by end-sacs (remains of the coelom), and 
show the type which we find recurring in the antennal and shell- 
glands of the Crustacea. The permanent body-cavity is a pseudocode 
which develops after the disintegration of the coelomic sacs through 
the enlargement of the primary body-cavity. The heart is of the 

* Doubts of this kind have repeatedly been expressed. They have found an 
able exponent in the anonymous author of an article in Kosnios (No. 1), Trho 
argues against the unity of the Arthropodan stock. Oudemans, in the same 
way, is in favour of breaking up the division of the "so-called Arthropoda" 
(No. 8), and Frrnald, in his recent treatise on the "Relationships of the 
Arthropoda" (No. 4), gives indications of holding a similar view. Tnis latter 
author, indeed, derives the three great prinei|^«il trunks of the Arthropodan 
stock, the Crustacea, Arachnida, and Insecta, from a common root. This root, 
however, does not spring from the Annelida, but reaches back to the unsegmented 
forms from which also the Annelida are derived, though in another direction. 
Peripatus then branches oflf, and thus is not directly connected with the three 
great branches of the Arthropodan stock, the Myriopoda also being independent 
of these. These latter are, however, thought by Fernald to be connected with 
PeripatM. In any case the complete uniformity of the Arthro^Kxlan stock is not 
held by these authors, and it is also opposed by Kinoslet (No. 7), who, in 
si)ite of their many points of agreement, derives the Crustacea and the Insecta 
from different starting-points. [See also No. XII. — Ed.] 
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type which is universal among the Arthropoda — a dorsal vessel with 
lateral pairs of ostia. The development of Peripatus also, for a 
knowledge of which we must start from the New Zealand form 
which unfortunately is too little understood, is linked on to that of 
other Arthropoda.* We have here in the first place an egg rich in 
yolk, with superficial cleavage. The characters in which Peripatus 
stands opposed to the Arthropoda are the position and constitution of 
the extremities which are not actually jointed (we leave out of account 
here the Tardigrada and Pentastomum, the relationships of which are 
uncertain), and especially the structure of the eyes, which must be 
regarded as an inheritance from Annelidan ancestors that was lost in 
other Arthropoda, and replaced by the ommateal eyes (ocelli and 
facet-eyes). 

After what has been said above, we seem to be justified in assuming 
for all Arthropoda {Peripaius included) a common origin from the 
Annelidan stock. In giving the name Protostraca to the hypothetical 
racial form of the Arthropoda Trhich proceeded from the Annelida, 
and for which very primitive characters must be assumed if it is to 
serve as the starting-point of all known classes of Arthropods, the 
fact is expressed that the Crustacea in certain features of their 
organisation, especially in structure of their limbs, which can be 
traced back to the biramose form of parapodium, have preserved, in 
consequence of their retention of a pelagic manner of life, primitive 
characters. On the other hand, the form of extremities found in 
Peripatus (and partly retained in the Palaeostracat) must be con- 
sidered as a secondary adaptation to a terrestrial existence. 

Starting from the Protostraca, according to the present condition 
of our knowledge, we may, as has been already remarked, assume 
three great series of development of the Arthropodan stock, by 
the side of which a number of smaller independent branches 
have been retained. One of these series leads through the hypo- 
thetical primitive Phyllopod to the Crustacea; the second through 
the Palaeostraca to the Arachnida; the third through forms resem- 
bling Penpatus to the Myriopoda and the Insecta. The Pantopoda 
and the Tardigrada must probably be regarded as smaller, independent 
branches of the Arthropodan stock. 

If we try briefly to enumerate the general characters in which the 
Arthropoda are to be distinguished from the Annelida, we must point 
first to the great development of the cuticular integument and the 

* [See footnotes, pp. 165 and 216.— Ed.] 
t [See Vol. ii., p. 333, footnote.— Ed.] 
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more ventral position of the limbs, some of "which, as jaws, bite one 
against the other. This last point is of importance, because the jaws 
of the Annelida are mere cuticular secretions of the stomodaeum, 
and not appendages. We should mention further the degeneration 
of the coelomic sacs and of the nephridial system. The former 
undergo disintegration through the development of a secondary 
pseudocode, and the latter, in the higher forma, through the ac- 
quisition of a new excretory apparatus. In direct connection with 
the condition of the body-cavity we have the absence of a closed 
blood-vascular system, and the development of that type of heart 
characteristic of the Arthropoda. 

Another peculiarity recurring throughout the whole series of the 
Arthropoda is the enlargement of the primary cephalic region by 
the addition of originally post-oral segments. It might be worth 
while to attempt to attain a fixed point for the homologisiug of the 
anterior pair of limbs in the various Arthropoda, but in the present 
state of our knowledge such an attempt w^ould have to be made with 
the greatest care. We may perhaps conclude from the segmentation 
of the brain, that the antennae of PeripaiuSy the Myriopoda, and 
the Insecta are homologous with the first antennae of the Crustacea. 
We should then perhaps be able to consider the jaws of PeripatWy 
which are included in the mouth, and the ganglion of which is 
approximated to the brain (in the same way as are the antennal 
ganglia of the Crustacea), as the equivalents of the second antennae 
of the Crustacea, which, indeed, in the Naupliua still function as 
masticatory organs. AVe are perhaps justified in assuming that, in 
the Myriopoda and Insects, these extremities are completely lost, so 
that the mandibles of the Insecta (the homologues of the oral 
papillae of Peripatus), would then have to be related to the 
mandibles of the Crustacea. We might further assume that the 
chelicerae of the Arachnida correspond to the second antennae of 
the Crustacea, a view that is supported by the condition of their 
ganglia which fuse with the brain. The homologue of the first 
antennae would, in this case, be lost, but it is seen to reappear 
ontogenetically as a transitory structure (p. 111). The pedipalps 
would thus be the equivalent of the mandibles of the Crustacea and 
Insecta, whereas the chelicerae have until now, as a rule, been 
homologised with these latter organs. 

A consideration of the accompanying table shows that the different 
regions of the body (the head, the thorax, and the abdomen) are 
not, in the various divisions of the Arthropoda, precisely homo- 
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logous, for they are not formed of the same number of segments 
in all cases, nor are the same segments in all cases included in 
the similarly named body-region. The absence of a definite rule 
can be seen even in the Crustacea, in which the incorporation of 
thoracic limbs with the mouth-parts varies greatly in the different 
sub-divisions. Although we thus see that, in the great divisions 
of the Arthropoda also, the consecutive segments develop hetero- 
morphously, we shall still be inclined to explain this fact by the 
requirements of the different functions, and shall not homologise 
the regions bearing similarly formed appendages. It will thus be 
quite possible to homologise the thoracic and abdominal appendages 
of one division with the cephalic and thoracic limbs of another, as 
in the table. That we are justified in such a course is shown, not 
only by the condition of the Crustacea already mentioned, but also 
of those Arthropods which we consider as the more highly developed, 
such as the Insecta. In the Hymenoptera, for instance, the first 
abdominal segment may join the thorax (segment m^iaire),'"' and 
be so marked off from the abdomen as to appear much more like 
a thoracic than an abdominal segment An omission, or rather a 
complete degeneration of single segments, such as must be assumed 
in the cases of the first antennae in the Arachnida and of the second 
antennae in the Myriopoda and Insecta (see the table), seems to be 
an exceptional occurrence. We are here leaving out of account the 
reductions undergone in many cases by the Arthropodan body 
(e.fj., in certain Crustacea, Arachnida, Pentastomum, and also many 
Insecta), and which often lead to a complete degeneration of the 
segmentation in different regions of the body or in the whole body, 
indeed, in the last case may even result in the disappearance of 
the division into body-regions. Such reductions may lead to the lose, 
not only of the segmentation, but also of the limbs (Pentcuftomum), 
a principal character of the Arthropoda being thus obliterated, but 
even in this case the development of larvae provided with extremities 
testifies to the Arthropodan nature of these forms. 

* Such a significance cannot any longer be ascribed to the segment mediaii-e 
of the Diptei-a (Braueb, SUz. Akad, Wiss, Wien^ Bd. Ixxxv., Abth. i., 1882), 
but there is evidently a close connection between the thorax and the abdomen 
in this order also. 
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A. 

Acanthodrilus, 421. 
Acarina, 1, 93-109, 114. 
Acentropus, 361. 
Achelia laevis, 149. 
Acilius, 294, 326-333. 
Aeschna, 859. 
Agalena, 37, 39, 42, 45, 

49-65, 81, 83, 147, 

212. 

— labyrinthica, 46, 62, 
56, 85. 

— naevia, 66, 64, 65. 
Agelastica, 341. 
Agrion, 417. 
Agrionidae, 359. 
Alciopidae, 195, 215. 
Aleurodes, 367. 
Alycus roseus, 100. 
Ametabola, 355, 358. 
Ammothea, 169. 
Androctonus, 1, 4. 
Anonialon, 364. 
Anthophora, 363. 
Apatania, 388. 
Aphidae, 5, 260-263, 

268, 271, 279, 287, 
306, 311, 324, 342, 
362, 354. 388, 389. 

Aphis, 280. 

Apidae, 364. 

Api3, 286, 287, 294, 296, 
301,309-311,316,317, 
336, 337, 338, 350. 

Apterygogenea, 260. 

Apu8, 99. 

Arachnida, 1-128. 

Arachnomorphae, 37. 

Araneae, 1, 37-93. 

Area, 331. 

Argyronetiv, 78. 

AjBcaris, 361. 

Asellus^ 36. 

Aspidiotus, 279. 

Astacus, 44, 412, 422. 

Atax, 96-99, 103. 



A tax BonzL, 96, 99, 103. 
Attus floricola, 58. 
Atypus, 37, 78, 92. 
Avicularia, 87. 

B. 

Belinurus, 113. 

Biorhiza aptera, 264. 

Blatta, 263, 266. 272, 
274, 282, 294. 298, 
299, 306, 320, 393. 

Blattidao. 260. 

Bombus, 296. 

Bombyx, 268, 298, 388. 

Bostrychidae, 363. 

Braconidae, 364. 

Branchipus, 411, 417. 

Buprestidae, 363. 

C. 

Calliphora, 378. 

See Musca. 
Galop teryx, 277. 
Calotermes, 393. 

— rugosus, 394. 

j Cami>odea, 260. 300, 390. 

— staphylinus, 392. 
Campodeiform larva, 358, 

359, 362. 
Cardioblasts, 388. 
Cataclysta, 361. 
Cecidomyia, 260, 263, 

275,284,352,353,388. 
Cecidomyiidae, 289, 862. 
Ceranibvcidae, 363. 
Cetochilus, 38. 
Chalcididae, 263, 366. 
Chalicodoma, 290-296, 

315,316-318,323,328, 

387, 338, 424. 

— muraria, 287, 290. 
Chelifer, 27-30, 95, 147, 

150. 
Chermea abietis, 390. 
Cheraietidae, 389. 

2p 



Chernetidae, 31, 82. 
Chilognatha, 38, 218. 
ChUopoda, 218, 223, 244, 

267. 
Chironomidae, 862. 
Chironoraus, 266, 271- 

275, 283, 284, 307, 

308, 816, 861-354, 

385, 388. 
Chloe. 358. 
Chrysididae, 832. 
Chrysomelidae, 307, 817. 
Chthouius, 28. 
Cicada, 298. 

— septemdicera, 357. 
Cicadidae, 357. 
Clavularia, 412. 
Clepsine, 177. 
Clubiona, 45, 48, 61. 

— incompta, 47. 
Coccidae, 279, 281, 367. 
Coleoptera, 260, 368. 
CoUembola, 260, 365. 
Collulus, 81. 
Corethra, 299, 369-874, 

385, 386. 
Corixa, 274, 279, 282, 

306. 
Corrodentia, 260. 
Cribelliim, 81. 
Culex, 385. 
Culicidae, 261, 862. 
Cuma, 411. 
Curculionidae, 368. 
Cyclops, 361. 
Cyclorhapha, 862. 
Cymothoe, 413. 
Cyiiipidae,263, 264, 360, 

363, 364, 388. 
Cysticus, 58. 
Cytheridae, 335, 420. 

D. 

Dalmania, 71. 
Damaous, 94, 98. 
Demodicidae, 107. 
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Dendroptus, 100, 103. 
Dermaleichidae, 107. 
Dermaptera, 260. 
Deutooerebnim, 326,828. 
Deutovum, 97-99, 106, 

426. 
Diopatra, 69. 
Diplopoda, 218,229, 245, 

267. 
Dipneumones, 37, 81. 
Diptera, 260, 288, 842, 

362. 
Dolomedes, 37. 
Donacia, 307. 
Doryphora, 267, 288, 

290, 292, 295, 806, 

307, 312, 325, 327. 
Dysdera, 78. 
Dytiscidae, 861, 368. 
Dytiscus, 382, 863. 

E. 

Egg-tooth, 33, 58, 98, 

227, 235. 
Elateridae, 368. 
Embryonic membranes, 

4, 268 a seq. 
Emydiae, 162. 
Encyrtus fiiscicolHs, 866. 
Epeira, 37, 39, 43-46, 

55, 56. 

— cornuta, 58. 
E])hemeridae, 260, 299, 

349, 350, 358, 360, 

366, 421, 428. 
Eruciform larva, 358, 

361. 
Eiiphaea, 359. 
Euscorpius, 1, 6. 

— italicus, 1-18, 18, 22, 
25. 



Forficula, 260, 349. 
Forficiilidae, 361. 
Formica, 286. 
Formicidae, 263, 364. 
Fossoria, 364. 

G. 

Gttleodes, 84, 37, 114, 
115. 

— araneoides, 34. 
Ganiasidae, 107, 108. 
Gamasus, 100. 

— crassipes, 107, 108. 

— fiicorum, 102, 

— tardus, 109. 
Geophilidae, 229. 



Geophilus, 212, 218-229, 

231, 235, 240, 243, 

246, 247. 
— ferrugineus, 219, 220, 

222-229, 244, 250. 
Gigantostraca, 113. 
Glomeris, 188, 218, 229, 

236. 
Gryllidae, 282. 
Gryllotelpa, 266, 274, 

282, 297, 806, 311, 

388 341. 
Gyrinus, 363. 



Haemamoebae, 28, 99, 

105. 
Halacaridae, 100, 103, 

107. 
Halacanis spinifer, 100, 

108. 
Halarachne, 93. 
Hemiaspis, 113. 
Hemimetabola, 357, 358. 
Hemiptera, 272. 
Heptagenia, 349. 
Heteromorpha, 260, 356, 

358, 359. 
Hirudinca, 212. 
Holo-metabola, 356. 
Homomorpha, 260, 355, 

856. 
Hydrachnidae, 107. 
Hydractiuia, 155. 
Hydrocanipa, 861. 
Hydrometra, 278, 806. 
Hydrophilus, 247, 263, 

265, 270, 287, 288, 

290-298, 301, 305, 

306,309-314,318-324, 

837, 338, 341, 342, 

363, 412, 424. 
Hylotonia,292,293,298- 

300, 308. 
— bcrberidis, 286. 
Hvmenoptera, 260, 285, 

363, 369. 
Hypopus, 109. 

I. 

Ichneumonidae, 261,332, 

350, 364. 
Iiuaginal discs, 368. 
Insccta, 260-396. 
Ixodes, 103. 107, 109. 
Ixodidae, 107. 



Japyx, 260, 263, 334. 
-ilicJ -" 



Julus, 218, 223, 229- 
238, 242, 246. 

— Morelletti, 220, 230. 

— terrestris, 220, 221, 
241, 245, 246. 



Koenenia, 1. 
I — niirabilis, 27. 



Lasius, 382. 
Lecanium, 279. 
Leiobunum, 32. 
Lepidoptera, 260, 273, 

284, 361, 369. 
Lepisma, 260, 300, 304, 

317. 
Libellula, 359. 
Libellulidae, 260, 274, 

275, 276, 279. 282, 

287, 289, 296, 304, 

309, 359. 
Ligia, 412. 

Linmesia pardina, 107. 
Liraulus, 10, 11, 27, 42, 

70, 75-79, 111, lis. 

117, 151, 242, 412, 

414, 417-423. 
Lina, 287, 290, 291-296, 

312. 
Lilians, 388. 
Liphistius, 37, 80, 117. 
Lithobiidae, 229. 
Lithobius, 188,218,242, 

245. 
— validus, 233. 
Locustidae, 293, 304, 350. 
Lucifer, 412. 
Lumbricus, 91. 
Lycosa, 37, 44, 45, 65, 

81. 
Lyda, 299, 364. 
Lysio[)etalum carinatuni, 

234. 



Julidae, 288. 



M. 

Machilis, 260, 298, 392, 

395. 
Macrobiotus Hufelandi, 

162. 
— macronyx, 163. 
Malloi»haga, 260, 279. 
Mautidae, 260. 
Mantis, 261, 274, 282, 

293, 294, 298, 300, 

320, 325-328. 
Mautispa, 361. 
Megaloptera, 260. 
Megascolides, 421. 
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Meloe, 293, 295, 298. 
Meloidac, 363. 
Melolontha, 270, 296, 

298, 306, 317. 
Mesothelae, 37. 
Metabola, 356. 
Microgastcr, 364. 
Microphantes, 78. 
Micropteryx, 361. 
Micropyle, 261. 
Moina, 245, 250, 412, 

422. 
Musca, 262-266, 271, 

311, 314, 317, 336, 

352, 373-380, 386. 

— vomitoria, 264. 
Muacidae, 250, 290, 294, 

296, 303, 304, 312- 
315, 320, 369, 373- 
385. 

Mygale, 37. 

Mygalomorphae, 37. 

Myobia, 94, 98, 103. 

— musculi, 94. 95. 
Myriopoda, 113, 218- 

259. 
Myrmeleon, 336, 361. 
Myais, 245, 334, 411, 

422. 

N. 

Nauplius, 159, 160, 421, 

426. 
Nematocera, 369. 
Nematus, 299, 388. 
Neophylax, 267, 284. 
Nepa, 298. 
Nepticula, 362. 
Nesaea, 103. 
Neuroblasts, 325. 
Neuroptei-a, 260, 360. 
Neuroterus ventricularis, 

388. 
Nymphalidae, 373. 
Nymphon, 139, 148. 

— brevicaudatum, 139, 
140, 146, 163. 

— brevicollum, 153, 154. 

— hispid urn, 157. 



Obisium, 101. 
Odonata, 260, 299, 359. 
Oecanthus, 5, 266, 274, 

281, 282, 287, 288, 

292, 306, 341. 
Oedipoda, 327. 
Oestridae, 260. 
Oligochaeta, 112. 
Onuphis, 69. 



Otiychophora, 164. 

Opilio, 32. 

Opiliones, 1, 32-37, 72, 

113. 
Opisthogoneata, 267. 
Opistliothelae, 37. 
Oribatidae, 94, 97, 108, 

106, 107. 
Orthoptera, genuina,260, 

282, 299. 
Orthorhapha, 362. 



Palaeophonus nuncius, 

117. 
Pallene, 139-148. 

— empiisa, 147, 153, 154. 
Palpigi-adi, 1, 27. 
Panorpatae, 260, 361. 
Pantopoda, 139-161. 
Paraponyx, 361. 
Parnidae, 363. 
Patella, 331. 
Paurometabola, 857, 861. 
Pauropoda, 218, 238, 

257. 
Pauropus, 27, 218. 
Pediculidae, 279. 
Pediculina, 349. 
Pedipalpi, 1, 10, 26. 
Pemphigus terebinthi, 

389. 
Pcntastomidae, 130-138. 
Peutastomum, 130, 427, 

430. 

— denticu latum, 135. , 

— oxycephalum, 131. i 

— proboscideum, 131- ' 
135. 

— protelis, 135. 

— taenioides, 130-136. 
Perip>atus, 2, 7, 25, 58, 

62, 90, 111, 113, 146, 
164-217, 226, 230, 
241, 248-257, 295, 
299, 300, 320, 322, 
335, 351, 390, 393, 
394. 412-428. 

— Balfouri, 164. 

— capensis, 164, 169, 
170, 175-184, 188, 
196-210. 

— Edwardsii, 164, 170- 
173,180-186,190,193, 
200, 207, 210, 211, 
216, 411, 425. 

— Iinthurni, 164, 174. 

— ovipjirus, 165. 

— noyae-zealaiidiae,165, 
173, 207, 216. 



Peripatus novae - brit- 
taniae, 164, 166-169, 
178, 196, 208, 212, 
216, 253, 304. 

— torquatua, 164. 
Periplaneta, 261, 349. 
Perla bicaudata, 360. 
Perlidae, 260, 360, 869, 

360, 367. 
Phacops, 71. 
Phaospheres, 76. 
Phalangium, 32, 73. 
r- opilio, 34. 
Phasmidao, 260. 
Philodromus limbatus, 

38. 
Pholcus, 42, 45, 49, 69, 

63. 

— opilionoides, 48, 50. 

— phalangoides, 41, 82, 
88, 92 

Phoxichilidium, 1 39, 1 42, 
154. 

— femora turn, 155. 

— plumularia, 156. 
Phryganea, 73, 260. 

— fusca, 361. 
Phryganeidae, 261, 271, 

274, 282, 284, 807, 

311, 338. 
Phrynus, 10, 26, 35, 81. 
Phyllodromia, 247, 318, 

337, 341-362. 

— germanica, 319, 342- 
847. 

Phylloxera quercus. 389. 

— vastatrix, 390. 
Physapoda, 260, 279. 
Phytophthires, 279. 
Phytopta, 107, 137. 
Phytoptidae, 97. 
Pieris. 263, 266, 293. 
Pilidium, 371. 
Pisaura, 37. 
Platygaster, 287, 364, 

365, 366. 
Plecoptei-a, 260, 299, 

359. 
Plumularia, 156. 
Pluteus, 371. 
Podocoryne, 155. 
Podura, 254, 260. 
Poduridae, 263, 263, 303, 

304. 
Pole-cells, 352, 363. 
Pole-nuclei, 264. 
Polistes gallica, 286. 
Polydesmus, 218, 223 

229-238. 

— complanatus, 232, 237 
Polyxenidae, 218, 219. 
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Polyxenus, 188, 218, 228, 

229-238. 
— lagnrus, 257. 
Porthesia, 888. 
Primitive cumulus, 4-48. 
Progoueata, 257. 
Protocerebrum, 826, 328. 
Pselaphognatha, 218. 
Paeuaoneuroptera, 272. 
Pseud oscorpiones, 1, 27- 

82. 113. 
Psocidae, 260. 
Psophus stridulus, 894. 
Psyche, 388. 
Psyllidae, 279. 
Pterygogenea, 260. 
Pteromalidae, 364, 366. 
Pteromalina, 287, 289. 
Pteroptus vespertilionis, 

107. 
Pupipara, 260, 862. 
Pycnogonum, 139. 
Pyralidae, 361. 
Pyrrhocoris, 274, 278, 

305, 311. 

R. 

Renilla, 412. 
Rhizobia, 390. 
Rhizotrogus, 863. 
Rhodites, 264. 
Rhyucholophus, 103- 

105. 
Rhynchota, 260, 278,282. 



SagitU, 313, 314, 351. 
Saltatoria, 260. 
Salticus, 78. 
Sarcophaga, 260. 
Sarcoptidae, 93, 95, 107. 
Scolopendra, 218, 228, 

241, 242, 253. 
— immaculata, 391. 
Scolopendrella, 36, 114, 

218, 255, 299, 390, 

895. 
Scolopendridae, 219, 229. 



Scorpio, 1, 14, 16, 17, 

40, 63, 66, 68, 73, 92, 

212, 419, 425. 
Scorpiones, 1-26, 113, 

287. 
Scutigcra, 69, 218, 241- 

243. 

— coleoptrata, 259. 
Scutigendae, 229. 
Scutovertez, 93. 
Segestria, 78. 
Sialidae, 260, 360. 
Simulia, 275, 284, 371. 
Siphonaptera, 260, 362, 

363. 
Sisyra, 361. 
Sitaris, 363. 
Smicra, 263. 
Sminthurus, 36, 260, 395. 
Solenobia, 388. 
Solifugae, 1, 34-37, 113- 

117. 
Spathegaster baccarum, 

388. 
Sphaerogyua ventricosa, 

108. 
Sphinx, 298. 
Spongilla, 861. 
Staphylinidac, 260. 
Stenobothrus, 272, 274, 

282-284,291,292,320, 

825, 342. 
Stratiomyidae, 362. 
Stratiomys, 362. 
StrongyloBoma, 218, 223, 

229-238. 

— Guerinii, 231, 235. 
Stylopidae, 260. 
Symphyla. 218, 238, 257. 
Syringobia dielotus, 93. 
Syrphidae, 362. 

T. 

Tachina, 260. 
Tachinidae, 289. 
Tanystyluiii, 139, 142, 

151. 
Tarantula, 37. 
Tardigrada, 162, 163. 
Tarsonymus, 100, 103. 



Tegenaria, 42-44. 

— doraestica, 58, 84. 
Teleas, 366. 
Tenebrio, 298. 
Tenthridinidae, 298, 864 , 

388. 
Termitidae, 260. 
Tetraneura, 890. 
Tetranychidae, 107. 
Tetranychus, 108. 

— telarius, 94. 
Tetrapneumones, 37, 81. 
Theridium, 37, 89, 45, 

46, 83. 

— maculatum, 40, 59, 
60. 80, 84, 86, 89. 

Thrips, 260. 
Thysanoptera, 260. 
Thysanura. 260, 355. 
Tineidae, 361. 
Tipulidae, 362, 872, 418. 
Tnchiosoma luconim, 

364. 
Trichoptera, 260, 284, 

361. 
Trilobites, 71, 116. 
Tritocercbrum, 326, 828. 
Tritovum, 98, 105. 
Trombidiidae, 100. 107. 
Trombidium, 97-105. 

— fuliginosum, 104, 106. 
Tubularia, 155. 

Tylus, 336. 
Tyroglyphidae, 107. 
Tyroglyphus siro, 100, 
109. 

U. 

Uroceridae, 364. 



Vespa, 78, 833, 834. 
Yespidae, 364. 
Vitellophags, 46, 266, 

317. 
Vollucella, 881. 

X. 

Xiphidium, 293, 325. 
Xiphosura, 113, 159. 
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